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ABSTRACT  
Onion (Allium cepa L.) is among the cash vegetable crop grown in Khyber 
Pakhtunkhwa Province, Pakistan. Onion thrips (Thrips tabaci) is the main problem on 
onions crop which results great losses. However infestation of this pest could be kept 
below economic injury level with the help of integrated pest management practices. In 
this connection, firstly field surveys were conducted in the selected onion growing 
districts of Khyber Pakhtunkhwa Province, Pakistan and recorded infestation/ 
population of T. tabaci. Highest numbers (57.59) nymphs plant-1 and (15.39) adults 
thrips plant-1 were recorded in district Swat while lowest (22.37) nymphs plant-1 and 
(9.69) adults thrips plant-1 were in district Peshawar (East. Part). Regarding the average 
number of both (nymphs and adults) plant-1, highest (36.49) thrips plant-1 were recorded 
in district Swat and lowest (16.03) thrips palnt-1 were in district Peshawar (East. Part). 
Eight onion cultivars (Ambika, Swat-1, Trichmir, Barkel, Macarena, Red ball, Granada 
Red and Sunset were assessed to determine the most tolerant cultivar against T. tabaci 
infestation. The results showed that T. tabaci infest all the cultivars more or less, 
however cultivar Swat-1 showed to be the most tolerant against T. tabaci infestation as 
well as proved to be a high yielding cultivar among the others. Highest plant height 
(64.35cm) was observed in cultivar Trichmir and lowest (38.40cm) was observed in 
Macarena. Highest (13.07) number of leaves plant-1 was recorded in Trichmir and 
lowest (7.66) was recorded in Granada red. Trichmir was (94.04%) the most succulent 
cultivar followed by Sunset (91.38%) and Swat-1 (86.49%), Ambika (87.21%) was 
least succulent cultivars. The maximum yield (18.56 tons ha-1) was obtained from 
Swat-1 and minimum was from Ambika (9.34 tons ha-1). The studies on Population 
dynamic revealed that T. tabaci remained a regular pest on onion during the onion 
growing seasons. The average peak populations were recorded (54.75 thrips plant-1) 
during the month of April. Population model using the meteorological data showed that 
average air temperature have a positive correlation with thrips population. The efficacy 
of Polytrin C® 440 EC (Profenofos + Cypermethrin) and three botanicals extracts 
(Azadirachta indica, Parthenium hysterophorus and Datura alba) and a combination of 
selected dose of synthetic insecticide with each botanical were assessed against T. 
tabaci on onion crop. All the botanicals extracts significantly control T. tabaci at 
various degrees over the control (untreated plots). Regarding the yield of onion bulbs, 
synthetic insecticide along with the combination of (half dose of insecticides along with 
half dose of each botanical) gave the highest yield followed by botanicals as compared 
xv 
to control (untreated plots). Results obtained from the laboratory experiments showed 
that, female western flower thrips Frankliniella occidentalis feed more and caused 
more feeding damage than that of males. Feeding damage caused by female F. 
occidentalis increased significantly as the numbers of female leaf-1 disc was increased. 
Azadirachta indica oil is significantly less effective than Conserve® (spinosad) in 
killing F. occidentalis. All the concentrations of neem oil significantly deterred F. 
occidentalis feeding when compared to controls treated with Tween or water. The 
botanicals Azadirachta indica, Parthenium hysterophorus and Datura alba extracts 
tested were as effective as Conserve® (spinosad) in killing F. occidentalis. All the 
botanicals extracts significantly reduced F. occidentalis feeding when compared to the 
water control. As expected given the very high mortality caused, the least feeding 
damage was found on spinosad treated leaf discs. Response of Orius laevigatus to 
chemical insecticide Conserve® (Spinosad) and botanicals extracts on the predation of 
T. tabaci showed that Conserve® caused negative response to both O. laevigatus and T. 
tabaci while there were no negative or mortality effects of botanicals extracts on O. 
laevigatus. The O. laevigatus consumed more T. tabaci in leaf discs treated with water 
followed by D. alba, A. indica and P. hysterophorus. Botanicals pesticides offer a safer 
alternative to using synthetic chemicals and have less or no impact on the environment 
and biological control agent of T. tabaci as well as botanicals can prevent pest 
resurgence. These findings encourage the use of botanicals extract which is pollution 
free approaches for onion thrips control. 
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I. INTRODUCTION 
Onion, Allium cepa L., belongs to the family Amaryllidaceae (Liliaceae) is a 
biennial herbaceous plant and is an important condimental bulbous crop (Malik et al., 
2010). The bulbs of onion have been developed very distinctly depending on the 
cultivars having varying in sizes (small, medium and large), color usually white, yellow 
and red with flattened, globular and round in shape (Dawar et al., 2007). The onion 
consumed not only in the fresh form but also used in frozen and dehydrated bulbs by 
both rich and poor people and is consider as poor men’s food in Indo-Pakistan (Baloch, 
1994).    
Onion is one of the major horticulture cash crop in Pakistan Hassan and Malik 
(2002) and ranked as in the top ten onion producing countries (Baloach, 2014). During 
2012-13, it was grown over an area of 147600 ha with an average yielding capacity of 
1939600 tons (Agriculture Statistic of Pakistan, 2012-13). Onion plays a vital role in 
the economy of Khyber Pakhtunkhwa Province. The crop ranks at the top in the 
production of condiment and spices in Khyber Pakhtunkhwa Province. In Khyber 
Pakhtunkhwa Province the total area under cultivation were 11000 ha with yielding 
capacity of 181300 tons (Agriculture Statistic of Pakistan, 2012-13). 
The onion crop is prone to attack by a numbers of insect pests, i.e. thrips, 
maggots, head borer, cutworm and leaf minors at different stages of development, 
which results considerable reduction in yield. Among these, Thrips tabaci (Lindeman) 
(Thysanoptera: Thripidae) is a key pest of onion crop (Malik et al., 2003a) as well as 
also a major pest of agriculture crops, greenhouses, vegetables, common field crops and 
also caused damage to some flowers (Alston and Drost, 2008). 
T. tabaci is widely distributed from tropical and subtropical areas into the 
temperate region (Pourian et al., 2009). Over the past two decade T. tabaci has become 
a global pest of onion crop (Diaz-Montano et al., 2011). The population of adults and 
nymphs fluctuates from April to May with the peek abundance in early April (Edelson 
et al., 1986) and the nymphs are distributed in clustered than that of adults (Theunissen 
and Legutowska, 1991). 
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The average size of T. tabaci is about 0.06 inch to 1.15 mm long, elongate, 
elliptical and the color is yellow to brown body with two pairs of fringed wings, beak 
like mouth parts and the antennae are 7 segmented. T. tabaci reproduce 
parthenogenetically, the entire populations are female, male are rare (Alston and Drost, 
2008). T. tabaci has three types of reproductive pattern i.e. thelytoky (in which the 
females produced from unfertilized eggs), arrhenotoky (in which the males produced 
from unfertilized eggs and females produced from fertilized eggs) and deuterotoky (in 
which the females and males produced from unfertilized eggs (Nault et al., 2006). A 
complete generation requires three to four weeks during the summer season and 5-8 
generations may take place in each year. Female T. tabaci can lay an average of 80 
eggs microscopic in sizes in their whole life span in a cluster form inside the epidermal 
layer of the leaves. The average lifespan of adult female are 19 to 30 days (Lall and 
Sinch, 1968). The adult female comprises four instars. Instars I and II are active feeding 
stages while instars III and IV are inactive, non-feeding stages (Pre-pupa and pupal 
stages) which can be found in the soil or at the base of the onion plant neck and last for 
5 to 10 days (Alston and Drost, 2008). The adult feeds on young leaves in a piercing-
sucking manner, leaving silvery areas on leaves, flowers and fruits and fly readily when 
disturbed. Feeding injury may result in onion yield losses upto 34.5 to 43% (Fournier et 
al., 1995) and in severe cases the yield may loss to more than 50% (Diaz-Montano et 
al., 2011). 
The minute size, thigmotactic behavior and high fecundity of the thrips, 
combined with rapid development of pesticide resistance make this insect very difficult 
to manage (Gerin et al., 1999). Chemical use is not always effective and may kill 
natural enemies leading to resurgence of the insect as well as chemical use may also 
cause residual effects, resulting in ground water contamination, environmental 
problems and impacting human health (Wabale and Kharde, 2010). For these reasons, 
there has been considerable interest in development of environmental friendly 
pesticides as part of integrated pest management (IPM) practices. Some alternative 
pesticides, such as botanical extract from neem (Azadirachta indica) are considered 
promising because they do not extensively harm beneficial organisms (parasitoids and 
predators) and have short residual activity (Miller and Uetz, 1998; Saxena, 2006). 
Neem extracts have been shown to reduce feeding, deter pests, inhibit the growth of 
insects and affect oviposition activity (Gujar, 1992). In general, botanically derived 
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insecticides are thought to be ecologically acceptable and safe, while offering effective 
control when used in conjunction with other IPM practices (Nathan et al., 2004). For 
these reasons, there is a keen interest in exploration of new botanical extracts i.e. 
Parthenium hysterophorus and Datura alba for the management of this dread.  
Based on the above mentioned importance of the pest and need to manage it, the main 
objectives were as follows: 
1 To investigate the distribution of T. tabaci attacking onion crop in 
selected districts of Khyber Pakhtunkhwa province, Pakistan. 
2 To screen onion cultivars commercially grown in Khyber Pakhtunkhwa 
Province against T. tabaci infestation.  
3  To evaluate the efficacy of botanicals extracts singly and in selected 
combinations with synthetic insecticide against T. tabaci infestation. 
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II. REVIEW OF LITERATURE  
 Intensive research has been done on the biology, taxonomy and chemical 
control of thrips in different parts of the world. But little research work has been done 
so for on thrips distribution, varietal screening and its alternative management rather 
than synthetic chemicals on onion in the onion growing districts of Khyber 
Pakhtunkhwa Province, Pakistan. 
2.1 Distribution and population of thrips  
 Edelson et al. (1986) studied the abundance, dispersion characteristics and the 
impact on yield of Thrips tabaci (Lindeman) on onion. He described that the population 
of adults and nymphs were fluctuated from April to May with the peek abundance were 
recorded in early April. He further explained that the population can be increased from 
one thrips per plant and found negative linear relationship between seasons.  
 Theunissen and Legutowska (1991) developed supervised control methods for 
pests in vegetable crop. They tested various methods of assessing the distribution and 
population levels of onion thrips in leeks during one cropping season. They reported 
that the larvae are distributed in clustered form rather than that of adults.  
Deligeorgidis et al. (2002) assessed the population of thrips on the leaves of 
cotton. They collected leaves from cotton crop at 10 days interval from May to 
September. He found five species of thrips in which Frankliniella intonsa was the most 
abundant followed by Thrips angusticeps, Thrips tabaci, Frankliniella occidentalis and 
Aeolothrips intermedius. The population recorded was high in July and August.  
Reitz (2002) determined the seasonal and within plant distribution of western 
flower thrips Frankliniella occidentalis and observed that western flower thrips were 
much more abundant in the spring while F. tritici was most abundant in the fall. Both 
were present in the upper part of the plant than that of lower part of the plant. However 
he observed and recorded the male population from the upper part of the plant and 
immature thrips were from the lower part of the plant.  
 Shelton et al. (2003) collected onion thrips population from different 
commercial onion fields. They used several populations of onion thrips with different 
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exposure to lambda cyhalothrin for identification. He also recommended that for the 
susceptibility evaluation to specific insecticide using thrips insecticides bioassay 
systems could be helpful for developing management strategy for onion thrips. 
 Deligeorgidis et al. (2005) conducted a study on seasonal variation and 
distribution of Frankliniella occidentalis and Thrips tabaci on two vegetables from 
April to August. They observed the populations of both species and recorded the peek 
population density during the month of May. Both species were observed on leaves 
rather than flower. 
 MacIntyre Allen et al. (2005a) used white sticky trap and plants counts to 
investigated the onion thrips population dynamics and also to determine the genus and 
sex of thrips fauna in the collected sample. All the thrips populations collected were 
female onion thrips.  
 Duchovskiene (2006) investigated the abundance of onion thrips, Thrips tabaci 
on leek varieties. He observed the highest population abundance of onion thrips in late 
July and early August. He also recorded the same pattern on the next growing season.  
Nault et al. (2006) investigated different reproductive pattern on onion thrips 
i.e. thelytoky (in which the females produced from unfertilized eggs), arrhenotoky (in 
which the males produced from unfertilized eggs and females produced from fertilized 
eggs) and deuterotoky (in which the females and males produced from unfertilized 
eggs).  
 Waiganjo et al. (2008) assessed the effect of weather on thrips population for a 
given climatic development. The variable rainfall, temperature, relative humidity and 
wind were monitored. They described that dry weather with abstemiously high 
temperature can be the increasing factor of thrips population while wet season with 
moderately high relative humidity effect the thrips population.  
Greenberg et al. (2009) determined the species, seasonal abundance, damage, 
control and predaceous natural enemies of thrips on cotton crop at two sites of the 
Lower Rio Grande Valley of Texas. He found seven species of thrips in which the main 
species were western flower thrips, Frankliniella occidentalis (Pergande) following by 
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onion thrips, Thrips tabaci (Lindeman). He observed that thrips in cotton crop were in 
peak in mid-May to late June. Regarding the natural enemies he reported minute pirate 
bugs, Orius spp. lady beetles, Hippodamia spp., green lacewing, Chrysopa rufilabris 
(Burmeister), big eyed bugs were the most abundant natural enemies. He also stated 
that heavy rainfall can affect thrips abundance on cotton.   
Reitz (2009) reported the importance of western flower thrips, Frankliniella 
occidentalis (Pergande) and described that western flower thrips is one of the most 
important agricultural pests in the worldwide. This species can act as a vector of 
Tomato spotted wilt virus and other Tospoviruses. The biological and ecological 
characteristic makes this species difficult to control. The western flower thrips is the 
polyphagous insect, infest a variety of crops. The presence of male and female thrips in 
this group has credited this pest spread all over the world.  
 Duan et al. (2013) collected 78 samples of thrips from various plants on 17 
different counties of Shandong province. They made 16 collections of western flower 
thrips in 12 counties and analyzed and 98.6% populations were identified as western 
flower thrips. This distribution study may help in identifying and preventive 
measurement against this dread. 
2.2 Varietal screening  
Hata et al. (1991) evaluated twenty one Dendrobium cultivars against melon 
thrips, Thrips palmi (Karny) infestation. The cultivars which have pigmented flowers 
attract the thrips instead of those who have non pigmented flower. This research was 
conducted to find out the most preferred cultivars among the tested cultivars and is a 
part of management program. 
Fournier et al. (1995) conducted an experiment on six yellow onion cultivars 
and observed no difference on the population of T. tabaci among the cultivars. They 
observed more than 34 % reduction in yield on the plant which has high number of 
thrips infestation. He observed that the infestation can be high when the shortfall of 
water is occurring. 
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De Kogel and Koschier (2002) assessed responses of onion thrips and western 
flower thrips to plant odor. The female of western flower thrips attracted to several 
compounds while onion thrips was not attracted to that source. The other factor which 
determined was color which is the leading factor for thrips to fascinate by the flower. 
Malik et al. (2003b) determine the resistance of onion thrips on six onion 
cultivars. He observed that Thrips tabaci is the only species infested onion in that 
region and found the population of T. tabaci more or less in all varieties. The maximum 
yield was recorded from the varieties which has less number or more resistant to thrips 
than others. 
 Duchovskiene (2006) evaluate two leek varieties against onion thrips, Thrips 
tabaci infestation. Onion thrips infested both the varieties but 100% infestation was 
found in the next following year. He observed the population of thrips throughout the 
season with peek in the month of July and reaches 3.4 thrips per plant at the end of 
growing season.  
Martin and Workman (2006) conducted an experiment on four onion cultivars 
with different dose of nitrogen 50, 100, 150 and 200 kg ha-1. The feeding damage was 
determined by from the highest and lowest N treatments.  The cultivar Kiwigold was 
more susceptible than ‘Meteor’ (early red), and others to onion thrips. They described 
that the brown onions from the high N treatment were more susceptible. This study 
confirmed that both cultivars and fertilizer can affect the susceptibility of onion bulbs 
to onion thrips. 
 Alimousavi et al. (2007) carried out experiment on fifteen different onion 
genotypes against the resistant of T. tabaci during his breeding programs. The 
Meshkan, Sefid-e-Kurdistan and Eghlid showed lowest percentage of leaf infestation 
and thrips infestation in comparison to prone genotypes. 
 Sepahvand et al. (2009) compare ten onion cultivars for thrips infestation, yield, 
maturity duration and number of thrips per plant. They found significant difference 
between the cultivars in relation to yield, duration of maturity and number of thrips per 
plant. A positive correlation was observed in the number of thrips per plant with the 
foliage color as well as the yield showed high correlation with the plant height.    
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Diaz-Montano et al. (2010) cultivated forty nine cultivars of onion for the 
resistance to T. tabaci. They counted the number of larvae as well as recording leaf 
damage on weekly basis. They found eleven out of forty nine cultivars showed little 
damage and resistant to T. tabaci considering strong antibiosis and antixenosis. The rest 
of cultivars had some movable number of T. tabaci. They also hypothesized that there 
were also some other factors for developing resistance to T. tabaci.  
 Yousefi et al. (2011) recognized the most resistant onion genotypes against 
onion thrips in eight different onion cultivars. He found the onion cultivar Sefid-e-
Kashan and Sefid-e-Qom were the genotype most resistant to thrips infestation while 
the Ghermez-e-Azarshahr has the most susceptible onion cultivar against thrips 
infestation as well as high level of damages and leaf curling.  
2.3 Insecticides (synthetic and botanical) 
Mayer et al. (1987) evaluated the efficacy of Aldicarb, Aldoxycarb, Cyfluthrin, 
Cypermethrin, Chlorpyrifos, Fluvalinate, Isofenphos, Parathion, and Permethrinm 
insecticides against onion thrips, Thrips tabaci. All the insecticides reduced onion 
thrips populations. These insecticides showed no significant difference among each 
other on yield of onion. 
Hazara et al. (1999) used Pandophose 60 SL (Methamidphose) for the control 
of onion thrips, Thrips tabaci on onion crop in field condition. He observed a 
significant reduction on onion thrips in the plot treated with insecticides as compared to 
control plot.  
Hazara et al. (1999) used synthetic insecticides in comparison with botanicals 
insecticides for the control of onion thrips, Thrips tabaci on onion crop in field 
condition. The insecticide and tobacco leaves extracts were most effective against 
onion thrips followed by neem leaves extracts and neembokil 60 EC. 
Datta and Saxena (2001) tested Parthenium hysterophorus for their antifeedant 
action against Spodoptera litura larvae and for insecticidal action against the adults of 
store grain pest as well as for nematicidal action against root knot nematode. They 
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observed that, Parthenium has some moderately antifeedant activity against these insect 
pests. 
Malik et al. (2003a) used Datura alba seed extract as botanical insecticide in 
comparison with synthetic insecticide against onion thrips on onion crop. The 
botanicals caused mortality effects of onion thrips at various degree of significance as 
compared to untreated control onion crop and recommended that botanicals can be used 
as pollution free methods for the control of pest. 
Malik et al. (2003a) used synthetic insecticide along with three botanical against 
onion thrips. He observed some mortality of T. tabaci, C. procera and were recorded to 
the best botanical insecticide giving 43.88% thrips control following by. Datura alba, 
while insecticides Monocrotophos gave more than 75 % mortality of onion thrips.  
Rueda and Shelton (2003) described a system for collecting adults and larva of 
Thrips tabaci from onion leaves in the vials treated with insecticides to assess the 
vulnerability of thrips to insecticides. The vials treated and then stored for 21 days 
before thrips collection. The thrips susceptibility was determined after 24 h. The data 
recorded suggested that there were not serious problems with thrips insecticide 
resistance, with the possible exception of Cypermethrin.  
 Thoeming et al. (2003) observed the systemic effects of neem on Frankliniella 
occidentalis reared on green beans as well as in the soil in laboratory condition. 50% 
mortality was recorded in treatment applied with neem but showed higher efficacy 
when applied in soil. However, longer residual effect was observed with soil 
application. Furthermore, systemic effects were observed up to 6 days after application 
on foliage.  
Elisabeth and Katrin (2004) determined the feeding action in response to some 
essential oils and their volatile ingredients from plant on onion thrips, Thrips tabaci.  
They observed the use of Origanum majorana, Rosmarinum officinalis have some 
positive impact on the feeding activity of onion thrips and decline oviposition of female 
onion thrips. He further suggested that these essential oils can be used in both 
biological and integrated pest management programs. 
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 Riley and Pappu (2004) evaluated several management strategies for reducing 
thrips population which is also an important vector of tomato spotted wilt virus 
(TSWV) in tomato and their relations to the yield of tomato. They determined the 
populations of thrips by using flower and sticky traps. The controlling practices include 
host plant resistance, insecticide treatments and mulch. The mulch treatment had the 
positive effect on reducing thrips population and hence yield was increased followed by 
insecticides. They suggest that control strategies should be adopted early in the growing 
season which can significantly increase yield of tomato. 
MacIntyre Allen et al. (2005b) determined the resistance of onion thrips, Thrips 
tabaci (Lindeman) to some synthetic insecticides (lambda cyhalothrin, deltamethrin and 
diazinon). Some of them were reported as resistant to lambda-cyhalothrin and some 
were resistance to deltamethrin and diazinon. The results described indicate that 
insecticide resistance is common in onion thrips in commercial onion fields in Ontario. 
Nault et al. (2006) also reported that the male which producing T. tabaci populations 
were resistant to chemical insecticides lambda cyhalothrin. 
Premachandra et al. (2005) determined the toxicity of neem products and 
spinosad on thrips in tomato crop. They affect the survival rate of first instar larvae of 
thrips while spinosad caused 100% mortality in both larval stages and adults. Neem 
showed strongest systemic effect on first larval instar and hence effective in controlling 
thrips in the field condition. Klein et al. (1993) found neem has a negative effect on the 
growth of onion thrips population. Hazara et al. (1999) reported that effect of non-
chemicals pesticides were effective against onion thrips in field condition.  
Premachandra et al. (2005) determined the toxicity of neem products and 
spinosad on a major thrips pest on tomatoes. Neem showed some systemic action on 
larval stages while spinosad caused 100% mortality in both larval stages and adults of 
tomato thrips. Larvae were affected more than that of adults. The insecticides spinosad 
always caused 100% mortality.  
Khattak et al. (2006) Compared neem oil and neem seed water extract at 
different concentration with Baythroid TM against sucking insect pests of cotton. The 
neem oil at 2% and extract from seed at 3% reduce the population of whitefly Jassids 
and thrips on cotton crop up to 168 hours after spray but lost their effectiveness up to 
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14 days after spray. He explained that the reduction is due to the antifeedant and 
deterrent effect of neem compound.  
Martin and Workman (2006) conducted a series of experiments for determining 
the susceptibility of onion and leek leaves to Thrips tabaci infestation. The thrips adult 
persisted equally well on leek leaves and onion bulb but preferred onion for egg lying 
instead of leek leaves.  
Herbert et al. (2007) studied the influence of insecticides on thrips populations 
by conducting different field trails at different location. The chemical insecticides 
Aldicarb and Phorate showed reduction of thrips population as well as reduced crop 
injury significantly the incidence of tomato spotted wilt virus (TSWV) also decreased 
and yield was improved.  
Mishra et al. (2007) conducted a field trail to assessed the feasibility of neem oil 
against onion thrips. They observed a positive impact of neem oil on thrips population 
in filed conditions as compared to untreated plot. They suggested the neem oil, which is 
easily available to the farmers and is better option for controlling onion thrips as neem 
oil are showed to be eco-friendly. 
Broughton and Herron (2009) evaluated the efficacy of synthetic insecticides 
acetamiprid, and thiamethoxam, two neonicotinoids against thrips. All the products 
tested were efficient against F. occidentalis. The mortality increased by increasing the 
rate of concentration of insecticides. They suggested that these insecticides are the best 
option for controlling thrips in field condition. 
Cloyd et al. (2009) conducted research on different plant products in 
greenhouse experiments on Planococcuscitri(Risso), Frankliniella occidentalis 
(Pergande), Tetranychusurticaeand others arthropods. These products (Rosemery oil, 
neem, coriander oil) provide more than 80% mortality of citrus mealy bug and 30 % 
mortality of western flower thrips. This assessment is also a part of study to verify the 
effectiveness of these products arthropod pests for label expansion program. 
 Koul and Walia (2009) reported that there are some numerous plant extracts or 
allelochemicals which shows a broad spectrum activity when used against insect pests 
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of vegetables and have no adverse effects on environment as well as to human health 
therefore, plant-based materials can be effectively used against arthropod pests, vectors 
and other pathogens. 
Kadri and Basavana Goud (2010a) used neem products in comparison with 
systemic insecticide Acetamiprid 20SP against onion thrips in field condition. The 
entire neem products showed effective when compared to control untreated plot. The 
insecticide Acetamiprid showed relatively high effect on onion thrips population and 
also recorded highest yield on onion bulb.  
Nault and Shelton (2010) assessed some insecticides against onion thrips, 
Thrips tabaci Lindeman. T. tabaci infestations were effectively managed by the use of 
spinetoram more than using lambda cyhalothrin, methomyl hydrochloride. This lambda 
cyhalothrin is effective when one larvae thrips were present per leaf.  
Wabale and Kharde (2010) determine the efficacy of Parthenium hysterophorus 
and other botanicals against wooly aphids on sugarcane. All the botanicals along with 
Parthenium hysterophorus were found to be the best plant extracts in destroying the 
white woolly aphid. Further he suggested avoiding the harmful effects of chemical 
pesticide botanicals are the best way to use for controlling sugarcane woolly aphids. 
Kumar et al. (2011) prepared extracts from the leaves of Parthenium 
hysterophorus using different chemicals and tested the efficacy of these extracts against 
dengue fever vector, Aedes aegypti fecundity, fertility and behavioral response of the 
female adults. The leaf extracts deter the adults from oviposition. He suggested 
Parthenium leaf extracts against A. aegypti, as the most active oviposition deterrent. 
Fiaz et al. (2012) used neem (Azadirachta indica) oil and leaf extract, each at a 
5% concentration against Jassid and Thrips for their repellency. These botanicals 
proved effective even after seven days of the application. He described that neem plant 
can be good alternatives to chemical pesticides to control sucking pests on any 
vegetables.  
Mamoon-ur-Rashid et al. (2012) conducted an experiment to compare the 
efficacy of Azadirachta indica oil at concentration of 1, 5 and 2 % and extracts from 
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neem seed at 1, 2 and 3% concentration with Polytrin C® (Synthetic insecticide) against 
whitefly, T. tabaci, Earias insulana, Pectinophora gossypiella and Helicoverpa 
armigera. They observed that the infestation of whitefly, Jassids and Thrips were 
decrease significantly by neem oil 2% and neem seed extract 3% as compared to 
control treatment. The insecticide Polytrin C® showed to be more toxic against these 
insect.  
Mautino et al. (2012) assessed the effect of different insecticides against the 
infestation of thrips and yield on onion in field as well in the control laboratory 
condition. They recorded the infestation of thrips were low in the plot treated with the 
spinosad and acibenzolars methyl and their efficiency was also conformed using 
laboratory for these experiments. Spinosad were suggested by them as an alternative 
insecticide to conservative insecticides. Greenberg et al. (2009) also suggested 
chemical insecticides Thiamethoxam and Imidacloprid can be used for the control of 
Thrips, in management program. 
 Khan et al. (2013) studied the effect of different plant extracts on sucking insect 
pest of cotton. All the plant products showed some toxicity against sucking pests of 
cotton. Datura described to be the most effective botanicals against T. tabaci in cotton 
crop followed by neem oil and the other product is less effective as controlling the 
sucking pest. Kuganathan et al. (2008) described that percent mortality of aphids 
increases by increasing the concentration of Datura alba.  
Pandey et al. (2013) evaluated the efficacy of neem in comparison with 
chemical insecticides against onion thrips. The minimum number of thrips 8 nymphs/ 
plant was found in chemical insecticide Fibronil @ 1.5 ml/lt following by neem based 
insecticides at 15 days interval 
 Khaliq et al. (2014) studied the effectiveness of three botanical insecticides i.e. 
neem, Datura and bitter apple as compared to new synthetic insecticides against onion 
thrips. These botanicals have shown no effect on natural predator and give a better 
control of thrips. The chemicals were most effective as compared to botanicals but 
chemicals have adverse effects on predator’s population as compared to botanicals 
which were negligible. 
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Stanley et al. (2014) used neem oil against cardamom thrips, Sciothrips 
cardamom.  He found neem oil is very effective against thrips in overall damage and 
reduce damage up to 30% after 14 days of treatment. He also described that thrips can 
be control up to 78 percent by using of neem oil at three time of spray during the season 
as well as the damage can be reduce at 50% and 70% at two and three series of sprays.  
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III. METHODS AND MATERIALS 
 Surveys were conducted for the distribution of T. tabaci in selected districts of 
Khyber Pakhtunkhwa Province, while experiments on management of T. tabaci were 
conducted at the Agricultural Research Institute Tarnab, Peshawar during 2011-2013 
and The University of California Davis USA in 2014 respectively. The details of the 
experiments conducted are given below:    
3.1 Distribution of Thrips tabaci in selected districts of Khyber Pakhtunkhwa 
Province, Pakistan. 
 Detail surveys were conducted for, the distribution of thrips in selected districts 
of Khyber Pakhtunkhwa Province, Pakistan, during onion growing season. The main 
districts selected were Peshawar, Charsadda, Swabi, Mardan, Nowshera, Swat and 
district Dir (Lower). Five onion fields were randomly selected in each of these districts. 
These fields were at a distance of 5-10 km from each other. Infestations of thrips were 
recorded in the selected fields of onion by counting their numbers. In each fields 30 
plants were observed for thrips infestation and the number of thrips per plant were 
recorded with the help of a magnifying lens by checking the whole plant very carefully. 
Mean infestation data for all districts were statistically analyzed and least significant 
(LSD) test was used as test statistic.  
3.2 Evaluation of onion cultivars against T. tabaci infestation. 
 Evaluations of eight commercially grown onion cultivars against thrips 
infestation were conducted at the Agricultural Research Institute Tarnab, Peshawar, 
Pakistan during 2011-13. The experiment included hybrid as well as inbred onion 
cultivars which are given below: 
 V1 = Ambika    V2 = Swat-1 
 V3 = Trichmer (Afghan White)  V4 =  Barkel 
 V5 =  Macarina    V6 =  Red ball 
 V7 = Granada Red    V8 =     Sunset 
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 All these cultivars are mostly cultivated in Khyber Pakhtunkhwa. The 
experiments were replicated three times.  
3.2.1 Cultivation of crop 
 Healthy seedlings (about 6˝ tall) of the eight onion cultivars/hybrids of onion 
were transplanted in different plots, each plot measuring 3 x 5 m2. Plant to plant and 
row to row distance were kept at 15 cm and 30 cm, respectively. Standard agronomic 
practices were carried out throughout the growing season of the crop for both the years. 
3.2.2 Data collection   
 Data on thrips population were recorded weekly from fifteen randomly selected 
plants in each treatment form each replication until the crops were harvested. 
 Plant morphological characters like color, height, number of leaves and 
succulency were recorded. For these, five indiscriminately selected mature leaves were 
cut and carried back to the Laboratory. Color, height and the number of leaves were 
recorded for each treatment. For succulency plants were selected from one square meter 
area and took equal weight of each cultivar for recoding the fresh and dry foliage 
weight. After receiving the fresh weight, the vegetative part of each cultivar were 
marked and placed in an electric oven at 70 ± 1oC for 48 hours to dry up. 
% Plant Succulency = 100 - (Dry Foliage weight / Fresh Foliage weight x 100) 
When 70% of the foliage was dropped to the ground, the onions were dug out and yield 
of each cultivar were compared with other cultivars for thrips damage. 
3.2.3 Statistical data analysis 
 The experiments were laid out in Randomized Complete Block (RCB) Design 
with three replications. Data were analyzed using the Microcomputer statistical 
program for experiments.  ANOVA were constructed to test the significance difference 
between the variables. The least significant difference (LSD) tests were applied to 
differentiate the means. Based on the results of the above trail, the promising cultivar 
was selected for further studies. 
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3.3 Population dynamics of Thrips tabaci during onion growing season 2012-13. 
The experiments on population dynamics of T. tabaci were conducted at the 
Agricultural Research Institute Tarnab, Peshawar. The plot size was kept at (3 x 5 m2) 
with plant to plant and row to row distance of 15 and 30 cm, respectively. The 
experiments were replicated three times in a Randomized Compete Block (RCB) 
Design. In order to record the population buildup of T. tabaci, data were recorded on 
weekly basis starting from the January to the harvesting of the crop. Fifteen plants were 
randomly selected from each sampling unit and number of thrips present were visually 
counted and averaged, to get mean population per replicate. Meteorological data were 
obtained from the Meteorology section, Agricultural Research Institute, Tarnab 
Peshawar Khyber Pakhtunkhwa, Pakistan.    
3.4 Efficacy of synthetic insecticide and botanicals extracts singly and in 
selected combinations with synthetic insecticide against onion thrips 
infestation. 
 To test the efficacy of recommended one synthetic insecticide and three 
botanical extracts singly and in combinations, the trials were conducted at Agricultural 
Research Institute (ARI) Tarnab, Peshawar Khyber Pakhtunkhwa Pakistan in 2012-13 
with the following treatments, each replicated thrice. 
The following insecticides/treatments were used:  
T1: Polytrin-C® (Profenofos + Cypermethrin) @ 1235 ml ha-1 
T2: Azadirachta indica (Seed extract) @10 Kg ha-1 
T3: Parthenium hysterophorus L. (Leaves extract) @ 10 Kg ha-1 
T4:      Datura alba (Leaves extract) @ 10 Kg ha-1 
T5:     Combination 1 (Half dose of Polytrin-C®+ Half dose of A. indica extract) 
T6:     Combination 2(Half dose of Polytrin-C®+ Half dose of P. hysterophorus extract) 
T7:     Combination 3 (Half dose of Polytrin-C®+ Half dose of D. alba extract) 
T8:     Control (No Insecticide) 
3.4.1 Chemical insecticide (Polytrin-C®) 
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The insecticide Polytrin-C® a product of Syngenta an effective broad spectrum 
foliar insecticide Mamoon-ur-Rashid et al. (2012) against thrips control was purchased 
from local market of Peshawar, Khyber Pakhtunkhwa, Pakistan.  
3.4.2 Preparation of Parthenium hysterophorus and Datura alba extracts.  
For the preparation of Parthenium hysterophorus and Datura alba extracts, 3 
cm small chopped pieces from each plants separately were dried in oven for 72 hours at 
65oC and then ground into (approximately 2 mm) small particle size with the help of 
grinder. Half Kilogram of grind sample from each plant was wrapped in Muslin cloth 
along with 10 grams of detergent as adjuvant and was placed in 5 liters of boiled water 
for 24hrs to make 10% concentration and 5% concentration was made from that stock 
solution (Hazara et al., 1999). 
3.4.3 Preparation of neem seed (Azadirachta indica) extract 
Neem (Azadirachta indica) seed was purchased in the local market of Peshawar, 
Khyber Pakhtunkhwa, Pakistan and crushed with a grinder. The same procedure was 
adopted as described above. 5% concentration was used for the experiment.  
3.4.4 Combination of treatment  
For the combination of treatments, half doses from insecticide mixed along with 
the half dose from each extracts and stir thoroughly then applied as a treatment. 
The first spray was applied when the thrips populations reached the threshold level of 
6–10 thrips per plant (Hazara et al., 1999). The second and third sprays were applied 
each at 20 days intervals. 
3.4.5 Data collection 
Pre-treatment thrips counts were made by counting the total number of thrips on 
15 randomly selected plants from each plot the day before spraying. Post-treatment data 
were recorded on 15 randomly selected plants after one, three, seven, ten and 15 days 
of treatment. A total of three sprays were made in 20 days interval.   
3.4.6 Statistical analysis  
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 The experiments were laid out in Randomize Complete Block (RCB) Design 
and were replicated three times. Data were analyzed by the Statistical Program 
(Statistix 8.1) for experiments; Analysis of variance (ANOVA) was constructed for 
each experiment for the significant difference among the variables.  For the 
differentiation of means the least Significant Difference (LSD) was performed.   
 3.5 Cost benefit ratio 
The cost benefit ratio of the above mentioned experiments were determined. It 
showed the best method with maximum yield and minimum cost of control. 
Cost benefit ratio will be calculated as following: 
Cost of insecticide   =  Rs.  
Cost of Insecticide application=  Rs. 
Cost of fertilizer   =     Rs. ha-1 
Labor charges   =        Rs.  
Total cost    =          Rs.  
Yield/treated plot   =   kg ha-1  
Yield/control plot   =          kg ha-1 
Price of Onion kg –1   =         Rs.   
Incremental return over control (Gross income of the Treatment-Gross income of from 
the control      =  Rs.   
Estimated net benefit  (Incremental return over control- Total cost =  Rs. ha-1 
Cost benefit Ration 
3.6 Comparison of male and female western flower thrips (WFT) feeding 
damage on healthy, untreated plant material. 
To determine whether male or female thrips should be used to test the efficacy 
of botanical extracts, we first examined the feeding responses of male and female WFT 
on healthy untreated leaves in the laboratory conditions.  The following procedures 
were adopted for conducting these experiments.    
3.6.1 Rearing of WFT 
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The western flower thrips (WFT) were collected from  Allium cepa field located 
at University of California Davis and were reared in the laboratory using methods 
described by Ullman et al. (1992) in a plastic jar measuring (11cm x 7cm x 9cm) with 
thrips proof screen on top in a 6 foot cage at temperature  23.2 °C ±1, 50 Ð60% RH, 
and 16:8 h photoperiod Mishra et al. (2007) on green bean Phaseolus vulgaris. 
3.6.2 Preparation of leaf disc  
Healthy Emilia sonchifolia leaves were taken from the green house which was 
located in the University of California Davis USA. The leaves were washed thoroughly 
with distilled water and kept on wet paper, this retained leaves moist. Leaf discs 
measuring (1.2 cm) sizes were made with the help of cork borer.  
3.6.3 Leaf disc bioassay  
Healthy male and female western flower thrips (WFT) were collected from 
culture in a petri dish measuring size (50 x 11 mm) and held on ice to slow down the 
thrips movement. 1, 5 and 10 male and female WFT per each treatment were used and 
were replicated 5 times. Leaf discs were placed singly in a bioassay unit (plastic vials, 
each measuring (3cm x 7cm x 3cm) in size. The underside of the leaf discs were 
embedded into 1% agar solution on the cap of each bioassay unit to keep the leaf discs 
moist and to prevent thrips from crawling underneath them. A fine brush was used to 
move thrips into the bioassay units. The bioassay units were turned upside down and 
put them in the laboratory at temperature 23 ± 1 °C. Thrips were allowed to feed for 24 
hours after which the leaf discs were separated from the vials. 
3.6.4 Measurement of feeding damage  
After thrips were removed from the vials, then digital images of the discs were 
captured with a Leica MZ FLIII fluorescence stereomicroscope with an attached digital 
camera (Diagnostic Instruments, Inc. Model #7.3 Three Shot Color). The feeding 
damage was then measured using Image J software O'neal et al. (2002) and converted 
to mm2 for statistical analysis. 
3.6.5 Statistical analysis 
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The data of thrips feeding on leaf disc were analyzed by statistic software 8.1. 
Differences between treatments were tested by ANOVA. A means separation test was 
conducted using the least significant difference (LSD) for each experiment. 
3.7 Comparison of neem (Azadirachta indica) oil to conserve on mortality and 
feeding response of female thrips.  
3.7.1 Collection of thrips from culture  
The western flower thrips (WFT) were collected from culture established in 
laboratory at University of California Davis. 5 healthy female thrips on each leaf disc 
were used in each treatment in a total of 7 treatments with 10 replications. 
3.7.2 Preparation of leaf disc  
Healthy Emilia sonchifolia leaves were taken from the green house located in 
the University of California Davis USA. The leaves were washed thoroughly with 
distilled water and kept on wet paper, this kept the leaves moist. Leaf discs measuring 
(1.2 cm) sizes were made with the help of cork borer.  
3.7.3 Leaf disc bioassay  
Western flower thrips (WFT) healthy female were collected from culture in a 
petri dish measuring size (50 x 11 mm) and held on ice to slow down the thrips 
movement. 5 female WFT per each treatment in a total of 7 treatments with 10 
replications were used. 
3.7.4 Botanical (Azadirachta indica oil)  
Pure neem (Azadirachta indica) oil was purchased from Bulk apothecary 
California, USA. Several concentrations (1%, 3%, 5% and 10%) were used to treat leaf 
discs by dipping the leaf disc in the solution and allowing them to air dry in a chemical 
fume hood. The treated leaf discs were placed singly in bioassay units (plastic vials, 
each measuring (3cm x 7cm x 3cm) in size. The underside of the leaf discs were 
embedded into 1% agar solution on the cap of each bioassay unit to keep the leaf discs 
moist and to prevent thrips from crawling underneath them. A fine brush was used to 
move thrips into the bioassay units. The bioassay units were turned upside down and 
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put them in the laboratory at temperature 23 ± 1 °C. Thrips were allowed to feed for 24 
hours after which the leaf discs were separated from the vials. 
3.7.5 Measurement of feeding damage  
After thrips were removed from the vials, then digital images of the discs were 
captured with a Leica MZ FLIII fluorescence stereomicroscope with an attached digital 
camera (Diagnostic Instruments, Inc. Model #7.3 Three Shot Color). The feeding 
damage was then measured using Image J software O'neal et al. (2002) and converted 
to mm2 for statistical analysis. 
3.7.6 Statistical analysis 
The data of thrips feeding on leaf disc were analyzed by statistic software 8.1. 
Differences between treatments were tested by ANOVA. A means separation test was 
conducted using the least significant difference (LSD) for each experiment. 
3.8 Mortality and feeding damage of thrips to botanical extracts and synthetic 
insecticide on healthy, untreated plant material. 
3.8.1 Collection of thrips from culture  
The western flower thrips (WFT) were collected from culture established in 
laboratory at University of California Davis. 5 healthy female thrips on each leaf disc 
were used in each treatment in a total of 5 treatments with 6 replications. 
3.8.2 Preparation of leaf disc  
Healthy Emilia sonchifolia leaves were taken from the green house which was 
located in the University of California Davis USA. The leaves were washed thoroughly 
with distilled water and kept on wet paper this retained the leave moist. Leaf discs 
measuring (1.2 cm) sizes were made with the help of cork borer.  
3.8.3 Leaf disc bioassay  
Western flower thrips (WFT) healthy female were collected from culture in a 
petri dish measuring size (50 x 11 mm) and held on ice to slow down the thrips 
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movement. 5 female WFT per each treatment in a total of 5 treatments with 6 
replications were used. 
3.8.4 Plant extract  
 Neem (Azadirachta indica) seed, Parthenium hysterophorus and Datura alba 
were collected in Peshawar Khyber Pakhtunkhwa, Pakistan. Neem (Azadirachta indica) 
seed was locally purchased and crushed with a grinder. Parthenium hysterophorus and 
Datura alba leaves were dried in oven for 72 hours in 140°F and ground into 
(approximately 2 mm) small particle size with the help of grinder after that the 
particular concentration were made as described by (Hazara et al., 1999). Half kilogram 
of each botanical was wrapped in Muslin cloth and along with 10 grams of detergent as 
adjuvant was placed in 5 liters of boiled water for 24hrs to make 10% concentration 
and 5% concentration was made from that 10% solution and was used for experiment. 
The insecticide “Conserve®” (Spinosad), an effective biopesticides against thrips Jones 
et al. (2005) was used as traditional pesticide control and distilled water was used as the 
control (untreated) as well as tween was also used as control treatment. Leaf discs were 
dipped in the respective concentrations of neem oil i.e. 5% concentration of each 
botanical and allowed to dry in the fume hood after drying the treated leaf discs were 
placed singly in bioassay units (plastic vials, each measuring (3cm x 7cm x 3cm) in 
size).  The underside of the leaf discs were embedded into 1% agar solution on the cap 
of each bioassay unit to keep the leaf discs moist and to prevent thrips from crawling 
underneath them. A fine brush was used to move thrips into the bioassay units. The 
bioassay units were turned upside down and put them in the laboratory at temperature 
23 ± 1 °C. Thrips were allowed to feed for 24-48 hours after which the leaf discs were 
separated from the vials. 
3.8.5 Measurement of feeding damage  
After thrips were removed from the vials, then digital images of the discs were 
captured with a Leica MZ FLIII fluorescence stereomicroscope with an attached digital 
camera (Diagnostic Instruments, Inc. Model #7.3 Three Shot Color). The feeding 
damage was then measured using Image J software O'neal et al. (2002) and converted 
to mm2 for statistical analysis. 
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3.8.6 Statistical analysis 
The data of thrips feeding on leaf disc were analyzed by statistic software 8.1. 
Differences between treatments were tested by ANOVA. A means separation test was 
conducted using the least significant difference (LSD) for each experiment. 
3.9 Response of Orius laevigatus to botanicals extract on the predation of 
Thrips tabaci.  
3.9.1 Collection of thrips from culture  
Thrips tabaci were collected from culture established in laboratory at University 
of California Davis.  
3.9.2 Chemical insecticide 
The insecticide “Conserve® (Spinosad), an effective insecticide against thrips 
(Jones et al., 2005) was used as traditional pesticide and was provided by the Ullman 
lab at University of California Davis.  
3.9.3 Plant extracts  
The botanical extracts from Parthenium hysterophorus, Datura alba and 
Azadirachta indica were prepared as described earlier and used at 5% each.  
3.9.4 Predatory bug (Orius laevigatus)  
The Orius laevigatus (Hemiptera: Anthocoridae) is a predatory bug of thrips 
Riudavets (1995) and was provided by Michel Parrella lab University of California 
Davis. 
3.9.5 Leaf Disc Bioassay  
Leaf discs measuring (1.2 cm) were made from healthy leek (Allium porrum) 
leaves with the help of a cork borer. For the experiment a plastic vials (bioassay unit), 
each measuring (3cm x 7cm x 3cm) in size was used. Female onion thrips were 
collected from the culture in a petri dish measuring size (50 x 11 mm) and held on ice 
to slow down the thrips movement. 5 female onion thrips along with 5 predatory bugs 
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per each treatment were used and were replicated 5 times. Leaf discs were placed 
singly in bioassay units.  The underside of the leaf discs were embedded into 1% agar 
solution on the cap of each bioassay unit to keep the leaf discs moist and to prevent 
thrips from crawling underneath them. A fine brush was used to move thrips into the 
bioassay units. The bioassay units were turned upside down and put them in the 
laboratory at temperature 23 ± 1 °C. Thrips were allowed to feed for 24-48 hours after 
which the leaf discs were separated from the vials. 
3.9.6 Measurement of Feeding Damage  
After thrips were removed from the vials, then digital images of the discs were 
captured with a Leica MZ FLIII fluorescence stereomicroscope with an attached digital 
camera (Diagnostic Instruments, Inc. Model #7.3 Three Shot Color). The feeding 
damage was then measured using Image J software O'neal et al. (2002) and converted 
to mm2 for statistical analysis. 
3.9.7 Treatments 
The following treatments were used: 
 
T1: Conserve® @ 0.212ul/400ml of H2O+ Orius laevigatus (Predatory bug) 
T2: Conserve half dose + Orius laevigatus (Predatory bug)                                                          
T3: Azadirachta indica (seed extract) @ 5% + Orius laevigatus (Predatory bug) 
T4:  Parthenium hysterophorus @ 5% + Orius laevigatus (Predatory bug) 
T5: Datura alba @ 5% + Orius laevigatus (Predatory bug) 
T6: Control (water) + Orius laevigatus (Predatory bug) 
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IV. RESULTS 
The research project “Distribution and management of onion thrips T. tabaci on onion 
crop in selected districts of Khyber Pakhtunkhwa Province, Pakistan were conducted in 
2011-14. Field experiments were conducted in Pakistan while laboratory experiments 
were carried out at The University of California Davis USA. The results obtained from 
each experiment are presented below:  
4.1 Distribution of Thrips tabaci in selected districts of Khyber Pakhtunkhwa 
Province, Pakistan. 
 To know the prevailing distribution of T. tabaci and their level of infestation on 
onion crop, extensive surveys were conducted irrespective of the different cultivars at 
farmer fields in selected districts of Khyber Pakhtunkhwa Province, Pakistan during 
2011-12. Infestations were observed on the bases of counting their number on whole 
plants. 
4.1.1 District Peshawar  
4.1.1.1 Eastern Part  
 The data presented in table-1 revealed that number of nymphs plant-1 observed 
from (March to May) in Tarnab location were (26.97) statistically more than other 
location in eastern part of Peshawar, however lower number of nymphs plant-1 were 
(18.66) observed in Sookano location. Highest number of adult thrips plant-1 were 
(11.43) observed in Jaghra and lowest were (8.26) in Sookano. The average number of 
thrips plant-1 both (nymphs and adults) showed highest (18.73) in Tarnab while lowest 
(13.46) number of adult thrips plant-1 were in Sookano location in eastern part of 
Peshawar. All the specimens collected were observed as T. tabaci.  
4.1.1.2 Western Part   
 The data presented in table-2 showed (21.40) nymphs plant-1 statistically more 
than other location however lowest (14.80) nymphs plant-1 were recorded from Gulbila. 
Similarly highest numbers of adult thrips plant-1 were recorded (12.07) in Agricultural 
University while lowest (8.67) adult thrips plant-1 were recorded from Gulbila. 
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Regarding the means number of thrips plant-1 were recorded highest (16.56) thrips 
plant-1 from Palusai and lowest (11.73) thrips plant-1 from Gulbila location. All the 
specimens collected were observed as T. tabaci.  
4.1.2 District Swabi 
 Data in table-3 showed that number of thrips nymphs and adults from (March to 
May) in each location from district Swabi ranged from (34.20) to (43.07) and (11.96) to 
(13.90) thrips plant-1. However the average number of thrips recorded from Bamkhail 
(28.01) and Pirtab banda (27.93) were significantly higher than Kota kalay (26.76) and 
Sher Ali banda (23.68) thrips plant-1. All the specimens collected were observed as T. 
tabaci.  
4.1.3 District Mardan 
 Data presented in table-4 indicated that number of thrips both nymphs and 
adults from (March to May) in each location in district Mardan ranged from (27.80) to 
(37.39) and (11.70) to (13.70) thrips plant-1. Average number of thrips plant-1 in 
Katalang was significantly more than other parts in district Mardan. The lowest (20.43) 
number of thrips per plant were found in Takhtbahi. The specimen collected from each 
location in district Mardan were T. tabaci.  
4.1.4 District Nowshera 
 Data recorded on the number of thrips plant-1 from (March to May) in different 
location of district Nowshera were presented in table-5. Numbers of thrips (nymphs and 
adults) plant-1 were ranged from (22.13) to (33.93) and (10.36) to (13.80). Perpai has 
significantly more (26.29) number of thrips plant-1 than other part in district Nowshera, 
lowest (16.25) number of thrips plant-1 was observed in Kaka Sahib. The entire 
specimens collected from the area were T. tabaci. 
4.1.5 District Charssadda 
 Data presented in the table-6 showed the numbers of thrips nymphs and adults 
plant-1 from (March to May) in different location of district Charssadda. Average 
number of thrips in Wardaga (30.09) thrips plant-1 was significantly high than other part 
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in district Charssadda. Lowest number (18.15) thrips plant-1 was recorded form Shieko. 
The thrips specimens collected form the entire area were T. tabaci. 
4.1.6 District Swat   
 Numbers of thrips recorded in district Swat from (March to May) were 
presented in the table-7 showed that, highest (44.46) number of thrips plant-1 was 
recorded from Aboha and lowest number (30.01) thrips plant-1 were recorded in Kot 
Charbagh. Two other species Thrips palmi and Frankliniella fuscus were recorded 
along with the other known species T. tabaci. 
4.1.7 District Dir (Lower) 
 Data presented in table-8 indicated that number of thrips both nymphs and 
adults from (March to May) in each location of district Dir were ranged from (33.43) to 
(27.90) and (11.76) to (14.69) thrips plant-1. There were no significant differences in 
average number of thrips plant-1 in district Dir, however highest (23.18) number of 
thrips plant-1 were observed in Timergara and lowest (19.83) were observed in Rabat 
district Dir. The same species Thrips palmi and Frankliniella fuscus were recorded 
along with the other known species T. tabaci. 
4.1.8 Average infestation of thrips on onion in selected districts of Khyber 
Pakhtunkhwa Province. 
 Data presented in the table-9 showed the average infestation of T. tabaci on 
onion crop from (March to May) in selected districts of Khyber Pakhtunkhwa Province. 
The number of both nymphs and adults recorded from district Swat has significantly 
more than other selected districts of Khyber Pakhtunkhwa province. The lowest 
average number (16.03) thrips plant-1 were recorded from Peshawar (East part) and 
highest (36.49) thrips plant-1 were from district Swat. It is concluded from the data in 
the table-9 that thrips were distributed from (March to May) though out in these 
selected districts. The specimens collected were indicated mostly T. tabaci however 
two other species Thrips palmi and Frankliniella fuscus were coexist with each other in 
district Swat and Dir (Lower). 
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Figure-1: Map showing selected districts of Khyber Pakhtunkhwa province, Pakistan 
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Table-1  Distribution of thrips in District Peshawar (Eastern Part) during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Tarnab Swat-1 26.97 a 10.5 ab 18.73 a 
Sookano Local 18.66 c 8.26 c 13.46 c 
Badabeera Swat-1 24.23 ab 8.63 bc 16.43 ab 
Surizai Ambika 22.03 abc 9.63 abc 15.83 abc 
Jaghara Swat-1 19.97 bc 11.43 a 15.7 bc 
LSD (0.05)  5.18 2.08 2.93 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
 
Table-2  Distribution of thrips in District Peshawar (Western Part) during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Nouguman Swat-1 20.91 a 10.87 a 15.88 a 
Warsak Swat-1 17.53 ab 9.93 ab 13.73 ab 
Agric. University Trichmir 20.87 ab 12.07 a 16.46 a 
Palusai Local 21.40 a 11.73 a 16.56 a 
Gulbila Local 14.80 b 8.67 b 11.73 b 
LSD (0.05)  6.07 2.18 3.33 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
 
Table-3  Distribution of thrips in District Swabi during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Pirtab Banda Swat-1 43.07 a 12.8 ab 27.93 a 
Bachai Mansori Sunset 34.20  a 11.96 b 27.58 ab 
Sher Ali Banda Swat-1 34.20  b 13.16 a 23.68 b 
Bam Khail Hybrid 42.47 ab 13.56 a 28.01 a 
Kota Local 39.63 ab 13.90 a 26.76 ab 
LSD (0.05)  8.40 12.85 4.08 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
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Table-4  Distribution of thrips in District Mardan during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Turo Local 28.43 b 12.53 ab 20.48 b 
Chinar kali Trichmer 29.43 ab 11.70 b 20.56 b 
Takhtbahi Red ball 27.80 b 13.06 ab 20.43 b 
Shergarh Hybrid 33.56 ab 13.70 a 23.63 ab 
Katlang Local 37.39 a 12.83 ab 25.11 a 
LSD (0.05)  7.97 1.94 4.30 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
 
Table-5  Distribution of thrips in District Nowshera during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Amankot Swato 24.19 c 10.73 b 17.46 c 
Kaka Sahib Granada Red 22.13 c 10.36 b 16.25 c 
Jalozai Swat-1 29.73 bc 13.8 a 21.76 b 
Akorai Local 41.07 a 11.53 b 23.04 ab 
Perpai Local 33.93 ab 12.13 ab 26.29 a 
LSD (0.05)  8.86 1.92 4.12 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
 
Table-6  Distribution of thrips in District Charssadda during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Wardaga Barkel 45.07 a 15.13 a 30.09 a 
Shiekho Red Ball 27.80 c 8.49 c 18.15 c 
Sardheri Granada Red 31.59 bc 15.43 a 23.51 b 
Azimabad Hybrid 37.50 b 13.83 ab 25.66 b 
Shahidan Swat-1 35.50 b 12.63 b 25.06 b 
LSD (0.05)  6.81 1.96 3.44 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
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Table-7  Distribution of thrips in District Swat during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Jambile Swat-1 52.09 b 13.30 b 32.70 b 
Kokari Swat-1 49.40 b 15.03 b 32.21b 
Kot charbagh Local 51.60 b 14.43 b 30.01b 
Barikot Swat-1 65.23 b 14.83 b 40.03 a 
Aboha Local 69.60 a 19.33 a 44.46 a 
LSD (0.05)  11.18 3.19 5.93 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
 
Table-8  Distribution of thrips in District Dir(Lower) during 2011-12 
  Mean No. of Thrips in each 
location 
 
Location Variety Name Nymphs Adults Means 
Chakdara Swat-1 31.43 ab 12.2 b 21.81 ab 
Talash Swat-1 33.43 ab 14.69 a 24.06 a 
Timergara Swat-1 34.26 a 12.09 b 23.18 a 
Rabat Local 27.90 b 11.76 b 19.83 b 
Bajawar Local 31.30 ab 12.36 b 21.83 ab 
LSD (0.05)  5.56 1.67 2.75 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
Table-9  Average infestation of thrips on onion crop in selected districts of Khyber 
Pakhtunkhwa province, Pakistan during 2011-12 
Name of District Nymphs Adults Means 
Peshawar (East Part) 22.37 e 9.69 c 16.03 e 
Peshawar (West Part) 24.25 e 11.52 b 17.89 e 
Nowshera 30.21 d 11.71 b 20.96 d 
Charsadda 35.89 bc 13.11 b 24.5 bc 
Mardan 31.32 cd 12.77 b 22.05 cd 
Swabi 40.51 b 13.09 b 26.80 b 
Swat 57.59 a 15.39 a 36.49 a 
Dir (Lower) 31.67 cd 12.63 b 22.15 c 
LSD (0.05) 4.84 1.59 2.83 
Columns having same letter  are not statistically different (P≥0.05, ANOVA)  
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4.2 Evaluation of onion cultivars against Thrips tabaci infestation 
 The experiment to evaluate the onion cultivars against T. tabaci infestation was 
conducted at Agriculture Research Institute Tarnab, Peshawar, Pakistan. Eight onion 
cultivars Ambika, Swat-1, Trichmer, Barkel, Granada red, Macarena, Red ball and 
Sunset were cultivated during 2011-12. T. tabaci were observed regularly and the 
numbers of thrips plant-1 were recorded on each cultivar until the crops were harvested. 
Means numbers of thrips plant-1 were showed significantly highest in Trichmer (10.99) 
and lowest in Swat-1 (5.98) as shown in (Fig.2).  
Results in the table-10 showed plant morphological character observed in all 
cultivars during 2011-12. Ambika, Swat-1, Barkel and Red ball were green in color 
while Trichmer, Macarena, Granada red and Sunset were dark green in color. Trichmer 
cultivar was tallest having (64.35cm) followed by Swat-1 (53.57), while Macarena was 
the shortest (38.40 cm). However there were no significant different among the Barkel, 
Macarena, Red ball, Granada red and Sunset. Trichmer, Ambika, Barkel and Swat-1 
have significantly more number of leaves than Macarena, Red ball, Granada red and 
Sunset, however highest number of leave (13.07) per plant were observed in Trichmer 
and lowest (7.66) were observed in Granada red. Trichmer was the most succulent 
(94.04%) among the cultivars followed by Sunset (91.38%), Granada red (90.4%), 
Macarena (90.13%) were equally succulent. Swat-1 showed least succulent (86.49%) 
among the other cultivars. 
Table-11 showed that mean numbers of thrips were significantly more (10.99) 
in Trichmer and lowest (5.98) in Swat-1, Ambika shown significantly more number of 
thrips from Macarena, Red ball, Granada red and sunset.  
Table-12 showed the yield ha-1 of each cultivar during 2011-12 at Agriculture 
Research Institute Tarnab Peshawar, Pakistan. Highest yield (18.56 tons ha-1) was 
recorded in cultivars Swat-1 and lowest (9.34 tons ha-1) in Ambika. Cultivar Swat-1 
proved to be most tolerant against thrips infestation and gave high yield in comparison 
to other cultivars.   
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Figure-2: Bar graph showing mean numbers of T. tabaci plant -1 in each cultivar 
during 2011-12. Bars marked with the same letter are not statistically 
different (P≥0.05).  
 
Table-10    Plant Morphological Characters identified in Eight Onion cultivars at ARI, 
Tarnab Peshawar, Pakistan during 2011-12. 
Cultivars Plant color Plant Height 
(cm) 
Number of 
leaves/plant 
Succulency 
(%) 
Ambika Green 41.80 c 12.90 a 87.21 c 
Swat-1 Green 53.57 b 11.48 a 86.49 c 
Trichmir Dark Green 64.35 a 13.07 a 94.04 a 
Barkel Green 42.28 c 11.91 a 87.21 c 
Macarena Dark Green 38.40 c 8.66 b 90.13 b 
Red ball Green 39.62 c 8.53 b 89.01 bc 
Granada Red Dark Green 41.98 c 7.66 b 90.94 b 
Sunset Dark Green 38.50 c 8.07 b 91.38 ab 
LSD  4.31 1.558 2.77 
Means followed by similar letters within each column are not significantly different at 5 % level of probability. 
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Table -11  Mean Numbers of T. tabaci plant-1 on Eight Onion cultivars at ARI, Tarnab 
Peshawar, Pakistan during 2011-12. 
 Cultivars  Years Means 
2011 2012 
Ambika 8.58 b 9.85 b 9.21 b 
Swat-1 6.77 c 5.18 e 5.97 d 
Trichmer 9.92 a 12.07 a 10.99 a 
Barkel 7.77 bc 10.73 b 9.25 b 
Macarena 7.87 bc 8.63 c 8.25 c 
Red ball 8.39 b 7.68 cd 8.04 c 
Granada Red 8.78 b 7.25 d 8.02 c 
Sunset 7.90 bc 7.29 d 7.60 c 
LSD 1.022 1.135 0.729 
Means followed by similar letters within each column are not significantly different at 5 % level of probability. 
 
Table-12  Yield tons ha-1 in each cultivar at ARI, Tarnab Peshawar, Pakistan during 
2011-12. 
Cultivars Years Means 
2011 2012 
Ambika 8.92 c 9.77 c 9.34 e 
Swat-1 17.76 a 19.35 a 18.56 a 
Trichmer 13.05 b 10.61 c 11.83 d 
Barkel 12.37b 15.43 b 13.90 cd 
Macarena 14.75 b 16.81 ab 15.78 bc 
Red ball 13.77 b 15.93 b 14.85 bc 
Granada Red 14.58 b 16.78ab 15.68 bc 
Sunset 14.72  b 17.73ab 16.23 b 
LSD 2.97 3.32 2.13 
Means followed by similar letters within each column are not significantly different at 5 % level of probability. 
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4.3 Population dynamics of Thrips tabaci during onion growing season 2012-13. 
The studies on Population dynamic were conducted at Agricultural Research 
Institute Tarnab Peshawar, Pakistan during 2012-13. T. tabaci remained a regular pest 
on onion during the growing season. The population buildup started from the last week 
of January and remained active up to the end of May. T. tabaci was first observed on 
2nd February 2012 (0.11 thrips plant-1) and (0.07 thrips plant-1) on 28th January 2013 
(Fig. 3). The population of T. tabaci were increased from (1.02 to 2.40) and (1.0 to 
2.87) thrips plant-1 during the month of February 2012 and 2013. During the month of 
March 2012 and 2013 the population of T. tabaci were increased from (3.04 to 27.26) 
and (5.04 to 24.52) thrips plant-1. The peek population were recorded (50.02 thrips 
plant-1) during the third week of April 2012 and (59.49 thrips plant-1) in the second 
week of April 2013. Later, the population dropped to 11.03 thrips plant-1 in the year 
2012 and 5.56 thrips plant-1 in 2013 towards the end of May as the crop started to 
mature. 
Population model using the meteorological data showed that linear and 
quadratic components of average air temperature were important in predicting the 
population development of T. tabaci. Therefore, the correlation matrix was calculated 
for the main environmental variables i.e. temperature, rain and relative humidity 
(Table-13). It is obvious from the table that only temperature showed a correlation with 
thrips population (r = 0.63), while the rest of correlation co-efficient were even below 
0.1. Average temperature was then plotted against thrips population for visual 
observation of the trends (Fig. 4). A quadratic rather than linear population 
development was observed with increasing temperature. Thus a quadratic component of 
temperature was also added as a candidate variable. 
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Figure-3:  Graph showing the population development of T. tabaci during the                     
growing seasons 2012-13. 
 
 
 
 
 
 
 
 
 
Figure-4: Graph showing population trend of the T. tabaci in relation with the 
prevailing temperature (°C) during the onion growing season (Jan-
May 2012-13). 
 
Table-13 shows correlation matrix of T. tabaci population with meteorological data. 
 
  Weeks No. of thrips Temp Rain %RH 
weeks 1 
    No. of thrips 0.6510422 1 
   Temp 0.9807947 0.630352986 1 
  Rain -0.159809 0.097967933 -0.24127 1 
 %RH -0.562847 -0.26325774 -0.65978 0.421175 1 
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4.4 Efficacy of synthetic insecticide and botanical extracts singly and in 
 selected combination against Thrips tabaci infestation. 
The experiments, efficacy of synthetic insecticide and botanical extracts on T. 
tabaci were conducted at Agriculture Research Institute Tarnab, Peshawar, Pakistan in 
2012-13. One synthetic insecticide Polytrin-C® (Profenofos + Cypermethrin) and the 
extracts from three botanicals (Azadirachta indica, Parthenium hysterophorus and 
Datura alba) as well as the combination of these botanical extracts with the selected 
insecticide at half dose each were selected for the experiment. Botanical extracts were 
showed significantly less effective than Polytrin-C® in controlling T. tabaci (Table-14) 
however; these botanicals reduced T. tabaci populations significantly as compared to 
control (untreated) plot. The treatments (botanicals half dose each) which were used in 
combination with half dose of Polytrin-C® were non-significant with the insecticides 
Polytrin-C® alone but significantly different from botanicals singly as well as from 
control (untreated) plots.  
 The data presented in the (Table-15) showed that the mean numbers of thrips 
plant-1 15 days after the first spray was (12.66 thrips plant-1) in plot treated with 
Polytrin-C®, (13.61) in combination-3, (14.54) in combination-1, (14.71) in 
combination-2 followed by A. indica (15.80), P. hysterophorus (16.93) and D. alba 
(16.39 thrips plant-1) alone. Mean numbers of thrips plant-1 in the plots treated with 
Polytrin-C® were significantly lower than control (untreated) plots (31.89) at P≥ 0.05. 
The data on the number of thrips plant-1 after 15 days of the second spray (Table-16) 
showed that minimum population (mean number of thrips plant-1) was recorded in plots 
treated with combinaion-3 (12.90) followed by combination-1 (13.90), Polytrin-C® 
(13.95) alone, combination-2 (14.23) and A. indica (16.85), P. hysterophorus (17.06) 
and D. alba (17.76) thrips plant-1 alone. Highest populations were recorded from 
control plots (49.95) thrips plant-1. Data on the number of thrips plant-1 after 15 days of 
third spray in (Table-17) showed minimum population (thrips plant-1) in plots treated 
with combination-1 (11.59) and maximum were found (40.86) in control (untreated) 
plots. As whole data recorded after 15 days of third spray reveled that, there were no 
significant difference among all the treatments but significantly different from control 
plot at P≥0.05. All the botanicals extract significantly reduce the population of T. tabaci 
as compared to control (untreated plots) throughout the season (Fig. 5). Regarding the 
average yield of onion in 2012-13, results indicated that A. indica, P. hysterophorus, D. 
39 
alba at 5% each, alone and in combination with chemical insecticides (Polytrin-C®) at 
half doses had positive impact on per hectare yield of onion bulb as (20.390 tons ha-1) 
in combination-1, (19.808 tons ha-1) in combination-2, (19.523 tons ha-1) in 
combination-3, (18.132 tons ha-1) in in A. indica extract, (18.023 tons ha-1) in P. 
hysterophorus extract and (17.902 tons ha-1) in D. alba extract respectively were 
significantly more than (10.218 tons ha-1) in the control (untreated plot) (Table-18). The 
yield of plots treated with the combination of botanicals extract along with Polytrin-C® 
at half doses was statistically similar to Polytrin-C® alone as well as there were no 
significantly difference among the botanicals extract (A. indica, P. hysterophorus, D. 
alba at 5% each). All the treatments gave significantly more yield than that of control 
(untreated) plots. 
Table-14  Mean numbers of T. tabaci plant-1 in each treatment after the 
application of first spray during 2012-13. 
 
Treatment One day Three days Seven days Ten days Fifteen days 
Polytrin-C®  5.98 c 7.97 c 8.14 bcd 8.31 c 12.66 e 
A. indica  9.16 b 10.49 b 9.51bcd 11.76 b 15.80 bcd 
P. hysterophorus 9.05 b 10.86 b 10.45 b 12.32 b 16.93 b 
D. alba5 9.56 b 10.67 b 9.98 bc 11.55 b 16.39 bc 
Combination 1 5.94 c 7.95 c 6.72 d 8.11 c 14.54 cde 
Combination 2 6.43 c 7.66 cd 8.89 bcd 8.57 c 14.71 bcde 
Combination 3 6.53 c 6.72 d 7.20 cd 7.80 c 13.61 de 
Control 21.89 a 27.67 a 22.28 a 22.71 a 31.89 a 
LSD (0.05) 1.67 1.18 2.84 1.99 2.30 
Columns having same letter  are not statistically different (P≥0.05, ANOVA).  
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Table-15 Mean numbers of T. tabaci plant-1 in each treatment after the application 
of 2nd spray during 2012-13. 
Treatment One day Three days Seven days Ten days Fifteen days 
Polytrin-C®  5.79 c 8.04 c 10.45 cd 11.74 cd 13.95 c 
A. indica 8.71 b 10.72 b 12.82 b 14.83 b 16.85 b 
P. hysterophorus 9.62 b 11.03 b 12.70 bc 13.54 bcd 17.06 b 
D. alba 9.44 b 10.57 b 12.61 bc 13.64 bc 17.76 b 
Combination 1 6.45 c 8.99 bc 9.69 d 11.06 e 13.90 c 
Combination 2 6.58 c 9.03 bc 9.97 d 12.03 cd 14.23 c 
Combination 3 6.05 c 8.13 c 10.04 d 11.17 de 12.90 c 
Control 46.85 a 43.79 a 47.96 a 51.00 a 49.95 a 
LSD (0.05) 1.33 2.73 2.28 2.36 2.38 
Columns having same letter  are not statistically different (P≥0.05, ANOVA ).  
 
Table-16  Mean numbers of T. tabaci plant-1 in each treatment after the 
application of 3rd spray during 2012-13. 
Treatment One day Three days Seven days Ten days Fifteen days 
Polytrin-C®  6.34 d 8.05 d 8.50 bc 9.04 b 13.06 b 
A. indica 8.74 c 10.72 bc 9.61 bc 10.11 b 14.08 b 
P. hysterophorus  10.07 b 10.48 bc 10.31 b 10.24 b 14.69 b 
D. alba 9.11 bc 11.58 b 9.56 bc 10.86 b 14.48 b 
Combination 1 7.31 d 8.60 cd 8.02 bc 8.60 b 11.59 b 
Combination 2 6.80 d 8.36 cd 7.65 c 8.48 b 12.84 b 
Combination 3 6.18 d 8.00 d 8.06 bc 9.22 b 12.84 b 
Control 50.55 a 48.38 a 36.73 a 38.86 a 40.86 a 
LSD (0.05) 1.14 2.58 2.48 2.96 3.58 
Columns having same letter  are not statistically different (P≥0.05, ANOVA ) 
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Figure-5:   Bar graph showing mean numbers of T. tabaci plant -1  after 1s t, 2nd 
and 3rd spray in 2012-13. Bars marked with the similar letter are 
not statistically different (P≥  0.05, ANOVA). 
 
Table-17 Yield in tons ha -1 in each treatment at ARI, Tarnab, Pakistan 
during 2012-13. 
Treatment Years Mean 
2012 2013 
Polytrin-C®  19.280 ± 0.32 b 20.360 ± 0.35  a 19.820 ± 0.16 a  
A. indica 18.277 ± 0.11 c 17.987 ± 0.49  c 18.132  ± 0.29 b 
P. hysterophorus 17.987 ± 0.29 c 18.060 ± 0.39  c 18.023 ± 0.09 b 
D. alba 17.590 ± 0.26 c 18.213 ± 0.69  bc 17.902  ± 0.32 b 
Combination 1 20.567 ± 0.16 a 20.213 ± 0.50 a 20.390  ± 0.26 a 
Combination 2 20.040 ± 0.38 ab 19.577 ± 0.48  abc 19.808  ± 0.43 a 
Combination 3 19.283 ± 0.21 b 19.763 ± 0.33 ab 19.523  ± 0.21 a 
Control 10.633 ± 0.40 d 9.803 ± 0.64  d 10.218 ± 0.48 c 
LSD (0.05) 0.782 1.598 1.35 
Columns having same letter  are not statistically different (P≥  0.05, ANOVA).  
 
42 
4.5 Cost Benefit Ratio 
The cost benefit ratio was determined after the harvesting of the crop and the 
bulb yields (in Kg) was determined for each treatment. The current market price kg-1 of 
onion at the time was determined. Cost ha-1 for each treatment and net benefit was 
calculated. Cost benefit was calculated as described by (Farmanullah et al., 2010). The 
minimum (1:6.5) cost benefit ratio was reported for the Azadirachta indica and 
maximum (1:8.5) was reported from Polytrin C® (Table-19). 
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Table-18   Cost benefit analysis of the treatment verses control (Untreated)   
Treatment Yield/ha Rat/kg Gross 
income 
Cost 
of 
fertilizer 
Labor 
charges 
Cost 
of 
Pesticid
es 
Total 
cost 
Incremental return 
over control 
(Gross income of the Treat-
Gross income from control) 
Estimated 
net benefit 
(Rs/ha) 
Cost 
benefit 
Polytrin C® 19111.11 15 286666.67 7700 5700 4500 17900 153333.33 135433.33 1: 8.5 
A.  Indica seed 
extract 16315.56 15 244733.33 7700 5700 3705 17105 111400.00 94295.00 1: 6.5 
P. hysterophorus 16377.78 15 245666.67 7700 5700 1200 14600 112333.33 97733.33 1: 7.6 
Datura alba 16520.00 15 247800.00 7700 5700 1200 14600 114466.67 99866.67 1: 7.8 
T1 + T2 18333.33 15 275000.00 7700 5700 4100 17500 141666.67 124166.67 1: 8.1 
T1 +T3 17755.56 15 266333.33 7700 5700 2850 16250 133000.00 116750.00 1: 8.1 
T1 +T4 18004.44 15 270066.67 7700 5700 2850 16250 136733.33 120483.33 1: 8.4 
Control 8888.89 15 133333.33 7701 4800   12501   12501.00   
 
Average field price of onion at time of digging i.e. Rs. 15 kg-1 
Cost of fertilizer (Urea 2 bags @1850 bag-1) + DAP 1 bag @ 4000 bag-1) 3700 + 4000 = 7700 ha-1      
Labor charges: Including (Nursery and field preparing, transplanting of onion, weeding, hoeing, irrigation and harvesting) = 5700 ha-1    
Cost of Pesticides:  Polytrin C @ 1235ml ha-1   1500 x 3 = Rs. 4500 
Neem seed @ 12.35kg ha-1 (Price @ 300 kg-1) 12.35 x 300 = Rs. 3705 
Parthenium hysterophorus: collection and drying expenses about @ Rs. 1200 ha-1   
Datura alba:  collection and drying expenses about @ Rs. 1200 ha-1   
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4.6 Comparison of male and female western flower thrips (WFT) feeding 
damage on healthy, untreated plant material. 
 Results showed that female thrips feed more and cause more feeding damage 
than males (Fig.6). Feeding damage caused by female thrips increased significantly as 
the number of female leaf-1 disc was increased. While feeding damage increased with 
increasing numbers of male WFT leaf-1 disc, the differences between 1, 5 and 10 male 
WFT were not significant. The greatest amount of feeding damage was caused by 10 
females (mean of 5.83 mm2 range= 10 thrips/treatment/5replications) as compared to 
10 male WFT (1.180 mm2 range = 10 male thrips/treatment/5replications). The least 
amount of feeding damage was caused by a single male (0.376 mm2 range = 1 male 
thrips/treat/5replications) significantly less than a single female WFT (1.185 mm2 range 
= 1 female thrips/treatment/5replications). These results showed that WFT females 
cause significantly more feeding damage than males. Based on these findings, all future 
experiments were conducted with female WFT. 
4.7 Comparison of neem (Azadirachta indica) oil to conserve on mortality and   
feeding response of female thrips. 
 Figure 7 showed that neem (Azadirachta indica) oil is significantly less 
effective than Conserve® (spinosad) in killing WFT with eighty six percent WFT 
mortality caused by Conserve® compared to just twenty one percent and twenty five 
percent of WFT mortality with 1% and 3% neem oil as well as twenty seven percent 
and forty six percent mortality were recorded in 5% and 10% neem (Azadirachta 
indica) oil, respectively (n= 5 thrips, 10 reps, P≥ 0.05). None of the thrips placed on 
leaf discs treated with Tween or water died. Concentrations of 1, 3 and 5% neem 
(Azadirachta indica) oil did not differ from one another with regards to WFT mortality 
but  neem (Azadirachta indica) oil 10% caused significantly more mortality than 1%,  
3%  and 5% of neem (Azadirachta indica) oil (n= 5 thrips, 10 reps, P≥ 0.05). Although 
neem (Azadirachta indica) oil did not cause high WFT mortality, all the concentrations 
significantly deterred WFT feeding when compared to controls treated with Tween or 
water (Fig. 8).  
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4.8 Mortality and feeding damage of western flower thrips to botanical 
extracts and synthetic insecticide on healthy, untreated plant material. 
Figure 9 showed that none of the botanicals extract tested were as effective as 
Conserve® (spinosad) in killing WFT. We observed 100% WFT mortality with 
Conserve® within 24 hours followed 7% by Azadirachta indica with compared to the 
other extracts. Mortality increased on the leaf disc treated with Azadirachta indica, 
Parthenium hysterophorus and Datura alba extracts after 48 hours and these treatments 
did not differ significantly from one another. Even after 48 hours, mortality in response 
to Parthenium hysterophorus extracts were significantly lower, with just 16% WFT 
mortality. There was no WFT mortality on leaf discs treated with water. In contrast, all 
the botanical extracts significantly reduces WFT feeding when compared to the water 
control (Fig. 10). As expected given the very high mortality caused, the least feeding 
damage was found on spinosad treated leaf discs. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure-6:  Bars graph showing mean (±SE) comparison of feeding damage 
(mm2) by 1, 5 and 10 male and female Western flower thrips 
(WFT). Bars marked with the same letters are not statistically 
different (P≥0.05, ANOVA). 
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Figure-7:  Bar graph showing mean (±SE) mortality of female Western 
flower thrips (WFT), Frankliniella occidentalis  in response to 
spinosad Conserve® four concentrations of Azadirachta indica oil. 
Bars marked with the same letters are not statistically different 
(P≥0.05, ANOVA). 
 
 
 
 
 
 
 
 
 
 
Figure-8: Bar graph showing mean (±SE) comparison of feeding damage 
(mm2) by female Western flower thrips (WFT), Frankliniella 
occidentalis  in response to spinosad Conserve ® four 
concentrations of Azadirachta indica oil. Bars marked with the 
same letters are not statistically different (P≥  0.05, ANOVA).  
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Figure-9:  Bar graph showing means (±SE) mortality of female Western 
flower thrips (WFT), Frankliniella occidentalis  in response to 
spinosad (Conserve®), three botanicals extracts. Bars marked 
with the same letters are not statistically different (P≥  0.05, 
ANOVA). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure-10: Bar graph showing means (±SE) comparison of feeding damage 
(mm2) by female Western flower thrips (WFT), Frankliniella 
occidentalis  in response to spinosad (Conserve®), three botanicals  
extract. Bars marked with the same letter are not statistically 
different (P≥0.05, ANOVA). 
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4.9 Response of Orius laevigatus to botanical extracts on the predation of 
Thrips tabaci.  
 Chemical insecticides Conserve® (Spinosad) caused hundred percent (100%) 
mortality of both O. laevigatus and adult T. tabaci (Fig.11) and triggered 80% and 20% 
O. laevigatus and nymphs of T. tabaci in leaf disc treated with half dose of chemical 
insecticide Conserve® (Fig.11) while there were no negative or mortality effect of 
botanicals extract on O. laevigatus. 
 The O. laevigatus has consume 60% more adult T. tabaci in leaf disc treated 
with water followed by 40% in D. alba and A. indica and 30% in P. hysterophorus. 
(Fig.12) Similarly the O. laevigatus consumed 60% more adult thrips in the leaf disc 
treated with water followed by 30% in D. alba and A. indica and 20% in P. 
hysterophorus while they failed to consume T. tabaci in the leaf disc treated with 
insecticide Conserve® at half as well as recommended dose. 
 T. tabaci both nymphs and adults showed (0.055 mm2) and (0.070 mm2) 
significantly less feeding damage in chemical insecticides Conserve® (Spinosad) than 
botanicals extract as well as untreated leaf discs. The feeding damage caused by 
nymphs (0.122 mm2) and adults (0.175 mm2) was recorded in Conserve at half doses, 
nymphs (0.155 mm2) and adults (0.125 mm2) in neem seed extract, nymphs (0.259 
mm2) and adults (0.150 mm2) in P. hysterophorus, nymphs (0.215 mm2) and adults 
(0.181 mm2) in D. alba 5% each and nymphs (0.216 mm2) and adults (0.754 mm2) 
feeding damage in leaf discs treated with water (Fig.13)   
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Figure-11:  Bars graph showing mean mortality of T. tabaci (adult) and Orius 
laevigatus  and consumption of adults by O. laevigatus  in response 
to Conserve® at recommended and half dose, three botanicals 
extracts Azadirachta indica (AIE), Parthenium hysterophorus 
(PHE) ,  Datura alba (DAE) @ 5% each, control or plain water.  
  
 
 
 
 
 
 
 
 
 
Figure-12: Bars graph showing mean mortality of T. tabaci  (nymphs) and 
Orius laevigatus  and consumption of nymphs by O. laevigatus  in 
response to Conserve® at recommended and half dose, three 
botanicals extracts Azadirachta indica  (AIE), Parthenium 
hysterophorus (PHE), Datura alba  (DAE) @ 5% each, control or 
plain water.   
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Figure-13: Bars graph showing mean feeding damage of T. tabaci  (nymphs 
and adults) along with Orius laevigatus  in response to Conserve® 
at recommended and half dose, three botanicals extracts 
Azadirachta indica , Parthenium hysterophorus  and Datura alba @ 
5% each, control or plain water.    
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V. DISCUSSION 
 Results obtained from the survey on the distribution of onion thrips, Thrips 
tabaci in selected districts of Khyber Pakhtunkhwa Province and results obtained from 
the laboratories experiments are discussed as under.  
5.1 Distribution of Thrips tabaci in selected districts of Khyber Pakhtunkhwa 
Province, Pakistan. 
 Results of the survey on the distribution and infestation of T .tabaci conducted 
in selected districts of Khyber Pakhtunkhwa province were showed in the tables 1-8 as 
well as comparison of average infestation amongst selected districts were presented in 
(table-9). Data indicated that, T. tabaci (nymphs and adults) were widely distributed 
throughout these selected districts. Results from the table 1-8 showed significant 
differences among different part of their respective districts. Results in the table-9 
indicated that the abundance of T. tabaci both (nymphs and adults) in district Swat 
showed significantly more than other selected districts however minimum number of T. 
tabaci plant-1 were observed in district Peshawar (East and West part). Regarding the 
other selected district of Khyber Pakhtunkhwa Province showed no significant 
differences among each other. Our results are comparable with the finding of Edelson 
et al. (1986) who observed the population abundance of thrips (adults and nymphs) 
from February to May with peek in April and became over dispersed as density of 
thrips increased per plant. T. tabaci distributed throughout the world and the larvae 
found in clustered form than that of adults (Theunissen and Legutowska, 1991). The 
results are also compatible with the finding of Deligeorgidis et al. (2005) and 
Duchovskiene (2006) that the peek population of western flower thrips and onion thrips 
on cumber and tomato crop were observed in May and July during the cropping season.  
5.2 Evaluation of onion cultivars against Thrips tabaci infestation.  
Results in the table-10 reveled that Ambika, Swat-1, Barkel and Red ball were 
green in color while Trichmer, Macarena, Granada red and Sunset were dark green in 
color. Thrips likes dark color and those cultivars having dark in color are more 
susceptible to thrips infestation. Ellis et al. (1996) reported similar findings that thrips 
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attracted to those plants which have darker in color. Sepahvand et al. (2009) also 
observed a positive correlation in the number of thrips per plant with the foliage color.   
Trichmer cultivar was taller amongst all the cultivars therefore, this cultivars 
was susceptible to have more infestation of T. tabaci, similar observation was mad by 
Malik et al. (2003b) that taller varieties have more chances of infestation than shorter 
one. Trichmer, Ambika, Barkel and Swat-1 have significantly more number of leaves 
than Macarena, Red ball, Granada red and Sunset, however highest number of leave 
(13.07) plant-1 were observed in Swat-1 and lowest (7.66) were observed in Granada 
red. Highly leafy onion varieties have a tendency to bear a higher number of thrips as 
compared to less number of leaves (Kibanyu, 2012).  
Trichmer was the most succulent (94.04%) among the cultivars followed by 
Sunset (91.38%), Granada red (90.4%), Macarena (90.13%) were equally succulent. 
Swat-1 showed least succulent (86.49%) among the other cultivars. Natarajan (1986) 
revealed that plant succulency has a positive impact on densities of thrips as well as 
other sucking insect pests.  
Average numbers of T. tabaci in Trichmer cultivar was higher than other 
cultivars however lower number of T. tabaci plant-1 was recorded on cultivar Swat-1.  
Ambika showed significantly more number of T. tabaci from Macarena, Red ball, 
Granada red and Sunset. Yousefi et al. (2011) recognized the most resistant onion 
genotypes against onion thrips in eight different onion cultivars. He found that the 
onion cultivars Sefid-e-Kashan and Sefid-e-Qom are the genotype most resistant to 
thrips infestation while the Ghermez-e-Azarshahr has the most susceptible onion 
cultivars against thrips infestation. Diaz-Montano et al. (2010) cultivated forty nine 
cultivars of onion for the resistance to T. tabaci and found eleven out of forty nine 
cultivars showed little damage and resistant to T. tabaci considering strong antibiosis 
and antixenosis. The rest of cultivars had some moveable number of T. tabaci. Similar 
finding were also found by Alimousavi et al. (2007) who observed fifteen different 
onion genotypes against the resistant of T. tabaci during his breeding programs. 
Sepahvand et al. (2009) also compare ten onion cultivars for thrips infestation and 
number of thrips per plant. They found significant difference on number of thrips per 
plant between the cultivars.  
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Highest yield per hectare was recorded in cultivar Swat-1 and lowest was in 
Ambika. Similar finding was recorded by Sepahvand et al. (2009) who compared ten 
onion cultivars for yield, maturity duration and number of thrips plant-1. They found 
significant difference between the cultivars in relation to yield, duration of maturity and 
number of thrips plant-1. Fournier et al. (1995) also compared six onion cultivars and 
observe reduction on yield on the plant which has high number of thrips infestation. 
Cultivar Swat-1 proved to be the most tolerant against thrips infestation and gave high 
yield in comparison to other cultivars. 
5.3 Population dynamics of Thrips tabaci during onion growing season 2012-13. 
 The Population dynamics of T. tabaci were recorded at Agricultural Research 
Institute Tarnab Peshawar, Pakistan during 2012-13, which shows that T. tabaci 
population builds up start from January to the end of May. The finding is compatible 
with the (Farmanullah et al., 2010; Edelson et al., 1986) that the populations of onion 
thrips remain fluctuate in February to May with peek in the month of April. The results 
are also comparable with the finding of Deligeorgidis et al. (2005) and Duchovskiene 
(2006) that the peek population of western flower thrips and onion thrips on cumber 
and tomato crop in May and July during the cropping season. The population of T. 
tabaci decreased with increasing temperature as described by Murai (2000). Almost 
similar finding were recorded by Hussain et al. (1997) as well as Hyder and Sharif 
(1987) who reported that population of the T. tabaci began in early February and 
reached at peak during the month of April. 
The population model showed that weather is an important factor in predicting 
the population development of T. tabaci, in which the main factor predicted, was 
temperature that shows a correlation with thrips population (r=0.63). Similar finding 
were also observed by (Farmanullah et al., 2010) who reported 44% of the total 
population variability was predicted by the Air temperature. Domiciano et al. (1993) 
also observed (20.29°C) is a favorable temperature for thrips increase in Brazil. 
5.4 Efficacy of synthetic insecticide and botanicals extract singly and in 
selected combination against Thrips tabaci infestation. 
 The botanicals Azadirachta indica, Parthenium hysterophorus and Datura alba 
extracts were showed significantly less effective than Polytrin-C® (Profenofos + 
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Cypermethrin) and more effective when used in combination with half dose of Polytrin-
C® in controlling T. tabaci however, these botanicals reduced T. tabaci populations 
significantly as compared to control (untreated) plot. The number of thrips/plant 15 
days after the first, second and third spray showed significant reduction in all the 
treatments as compared to control plot at P≥ 0.05. All the botanicals extract 
significantly reduced the population of T. tabaci and kept them as below the economic 
threshold level. Malik et al. (2003a) used Datura alba seed extract as botanical 
insecticide in comparison with synthetic insecticide against onion thrips on onion crop. 
The botanicals caused mortality effects of onion thrips at various degree of significance 
as compared to untreated plots. Similar finding were observed by Khaliq et al. (2014) 
who used neem and Datura as compared to new synthetic insecticides against onion 
thrips, in which chemicals showed better control of thrips as compared to botanicals but 
chemicals have adverse effects on predator’s population as compared to botanicals 
which were negligible. Premachandra et al. (2005) determined the toxicity of neem 
products and spinosad on thrips in tomato crop spinosad caused 100% mortality in both 
larval and adults stages. Neem showed strongest systemic effect on first larval instar 
and hence effective in controlling thrips in the field condition. Klein et al. (1993) found 
that neem has a negative effect on the growth of onion thrips population. Hazara et al. 
(1999) reported that effect of non-chemicals pesticides were effective against onion 
thrips in field condition. Koul and Walia (2009) also reported that there are some 
numerous plant extracts or Allelochemicals which show a broad spectrum activity 
when used against insect pests of vegetables and have no adverse effects on 
environment as well as on human health. Khan et al. (2013) observed that Datura alba 
is effective against sucking insect pests of cotton and cause significant mortality of 
onion thrips. Kuganathan et al. (2008) described that percent mortality of aphids 
increases by increasing the concentration of Datura alba. Nault and Shelton (2010) 
used spinetoram insecticide for the control of onion thrips infestation in New York. 
Mayer et al. (1987) tested multiple insecticides for the reduction of onion thrips 
population. Weathersbee III and McKenzie (2005) reported strong systemic effect in 
neem, Similar results were also obtained form Fiaz et al. (2012) that neem Azadirachta 
indica is good alternative for the control thrips population in Pakistan. Santos et al. 
(2004) and Schmutterer (1990) described that Azadirachta indica has effective against 
sucking insect pest of cotton and have some repellent effect against sucking insect 
pests. The results obtained from the use of Parthenium hysterophorus comparable with 
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Kumar et al. (2011) who reported that Aedes aegypti L. is significantly control by 
Parthenium hysterophorus. Wabale and Kharde (2010) also reported similar finding 
that P. hysterophorus reduce the infestation of wooly aphids on sugarcane. Datta and 
Saxena (2001) reported that Parthenium hysterophorus contain parthenin which 
showed some toxicity against sucking pests on cotton crop. 
The average yield of onion indicated that A. indica, P. hysterophorus, D. alba at 
5% each, alone and in combination with chemical insecticides (Polytrin-C®) at half 
doses had positive impact on per hectare yield of onion bulb. All the treatments gave 
significantly more yield than that of control (untreated) plots. These results are 
compatible with the finding of Mamoon-ur-Rashid et al. (2012) who reported that the 
application of chemical pesticides following with botanicals extract had positive impact 
of per hectare yield of cotton seed. Similar results were described by Ma et al. (2000) 
who recorded high yield of seed cotton from botanical extracts. 
5.5 Cost Benefit Ratio 
The cost benefit ratios were determined which showed that Polytrin C® is the 
most efficient insecticide and proved to be highest in performance but its persistent 
nature and environmental concern has limited its usage, thus Datura alba, Parthenium 
hysterophorus and Azadirachta indica could be used as an alternate botanical 
insecticides for the management of the onion thrips in field conditions.  Farmanullah et 
al. (2010) also described the cost benefit ratio after the harvesting of the crop and the 
same pattern i.e. synthetic insecticide was found to be the most efficient among other 
chemicals but due to the persistence effect of the reported chemical was not 
recommended and low persistence having less cost benefit ratio was recommended.  
5.6 Comparison of male and female western flower thrips (WFT) feeding 
damage on healthy, untreated plant material 
Comparison of male and female western flower thrips (WFT) showed that female 
thrips feed more and cause more feeding damage than males. Feeding damage 
increased by increasing the number of thrips. The differences between 1, 5 and 10 
female WFT were more than male thrips i.e. female western flower thrips (WFT) 
caused more feeding damage than that of male thrips. Wetering et al. (1998) found 
clear differences between the feeding behaviors of male and female western flower 
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thrips. Tommasini and Maini (1995) reported that the difference in their respective rate 
and duration of feeding damage may be due to differences in behavior and size 
therefore they might consume more. 
5.7 Mortality and Feeding of thrips in response to neem oil and other botanical 
extracts 
Our investigation shows that the botanicals extract we tested reduced WFT feeding 
significantly, but they do not cause high levels of short-term mortality like Conserve®. 
Western flower thrips (WFT) activity is shown to be distinctly affected by the 
application of Azadirachta indica oil which showed some mortality and reduce feeding 
damage in response to it. Thoeming et al. (2003) described the mortality and repellent 
effects of Azadirachta indica on the western flower thrip (WFT) after the application of 
soil. Azadirachta indica products reduced survival and damage caused by 
Stenchaetothrips biformis in rice Pillai and Ponniah (1988). It was also identified by 
Weathersbee III and McKenzie (2005) that neem (Azadirachta indica) is effective for 
the controlling of D. citri nymphs and slow down their developmental activities.  
5.8 Mortality and feeding damage of thrips to botanical extracts and synthetic 
insecticide on healthy, untreated plant material. 
The application of the botanicals extract Parthenium hysterophorus, Datura alba 
and Azadirachta indica have been shown to cause a significant declined in the 
population of thrips. This is conformed with the finding by Malik et al. (2003a) and 
Kadri and Basavana Goud (2010b) who used neem (Azadirachta indica) extract and 
recorded significant reduction against T. tabaci in onions.Mishra et al. (2007) also 
found toxicity of neem (Azadirachta indica) against thrips. Wabale and Kharde (2010) 
used Azadirachta indica seed and Parthenium hysterophorus against woolly aphids 
which showed inhibitory effects on their development. Botanicals insecticide (Neem, 
Datura and bitter apple) were used by Khaliq et al. (2014) which showed positive 
impact on the reduction of T. tabaci  populations.  
5.9 Response of Orius laevigatus to botanicals extract on the predation of 
Thrips tabaci.  
 Chemical insecticides Conserve® (Spinosad) caused mortality to both O. 
laevigatus and T. tabaci at recommended as well as half doses, while  there were no 
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negative or mortality effects of botanicals extract on O. laevigatus. Similar findings 
were also observed by Biondi et al. (2012) who used the compatibility of insecticides 
with bio-pesticides and found 100% mortality of predatory bug in pesticides while bio-
pesticides were recorded slightly harmful or harmless to O. laevigatus. The O. 
laevigatus consumption was more in leaf discs treated with water as well as the 
botanicals extract have no negative effects on O. laevigatus. Frescata and Mexia (1996) 
recorded lower number of T. tabaci on the leaf disc treated with O. laevigatus. Brown 
et al. (1999) also recorded similar finding that the predatory bug O. laevigatus reduce 
the number of thrips to a greater extant. Chambers et al. (1993) described that thrips 
can be effectively control by O. laevigatus. Van De Veire et al. (1996) recorded 
variable toxicity of predatory bug in response to some insecticide in which insect 
growth regulator were recorded as toxic to predatory bug. Funderburk et al. (2000) also 
observed that O. laevigatus significantly suppressed population of thrips and is an 
effective predator when thrips were rapidly colonizing and developing in the flowers.  
 The results encouraged the usage of predatory bug O. laevigatus against T. 
tabaci in combination with botanicals extract which can effectively reduce thrips 
feeding as compared to chemical insecticides because chemical insecticides affects 
biological control agents. Our results are comparable with the findings of Tang et al. 
(2002) that the application of the extract from A. indica had little impact on the 
parasitoids of aphids on citrus and described that neem extract is compatible with 
integrated pest management programs. Angeli et al. (2005) observed no significant 
effect on the survival and fecundity of O. laevigatus on the application of Azadirachtin 
and mineral oil when compared to predators exposed to pesticide residues. Based on 
these finding, the botanicals extract used are safe to predatory bug while using for 
integrated pest management programs. 
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VI. SUMMARY 
Thrips infestation in onion crop reduce bulb yield even more than 50% under 
extreme condition. These loses can be reduced through management of onion thrips. 
Concerning about this, studies on the distribution of onion thrips (Thrips tabaci) in 
selected districts of Khyber Pakhtunkhwa Province, Pakistan, evaluation of different 
onion cultivars against T. tabaci infestation and efficacy of extracts from (Azadirachta 
indica, Parthenium hysterophorus and Datura alba) against T. tabaci were conducted 
at the Agriculture Research Institute Tarnab Peshawar, Khyber Pakhtunkhwa, Pakistan. 
The laboratory experiments were carried out at The University of California Davis 
USA. For the distribution of T. tabaci a detailed surveys were conducted in selected 
districts of Khyber Pakhtunkhwa Province, Pakistan during onion growing seasons. 
Five onion fields at a distance of 5-10 kilometer were randomly selected in district 
Peshawar, Charsadda, Mardan, Swabi, Nowshera, Swat and Dir (Lower). Highest 
number (57.59) of nymphs and (15.39) adult thrips plant-1 were recorded in district 
Swat while lowest (22.37) nymphs, (9.69) adult thrips plant-1 were recorded in  district 
Peshawar (East Part). Regarding the average number of both (nymphs and adults) plant-
1 were highest (36.49) thrips plant-1 in Swat district and lowest (16.03) thrips plant-1 in 
district Peshawar (East. Part). 
To determine the most tolerant cultivar against T. tabaci infestation, eight onion 
cultivars (Ambika, Swat-1, Trichmir, Barkel, Macarena, Red ball, Granada Red and 
Sunset were evaluated. Analysis of the data reveled that, onion thrips infestation were 
recorded from all the cultivars more or less, however cultivar Swat-1 showed to be the 
most tolerant against T. tabaci infestation as well as proved to be a high yielding 
cultivar among the others. Plant morphological characters were observed in all the 
tested cultivars. Regarding the plant height (64.35cm) were observed in cultivar 
Trichmir and (53.57cm) in Swat-1, (42.28cm) in Barkel, (41.98cm) in Granada red, 
(41.80cm) in Ambika , (39.62cm) in Red ball, (38.50cm) in Sunset and (38.40cm) in 
Macarena respectively. The highest (13.07) number of leaves plant-1 were observed in 
cultivar Trichmir following by (12.90) in Ambika, (11.91) in Barkel, (11.48) in Swat-1, 
(8.66) in Macarena, (8.53) in Red ball, (8.07) in Sunset and (7.66) in Granada Red. The 
cultivar Trichmir showed (94.04%) succulency followed by Sunset (91.38%), Granada 
Red (90.94%), Macarena (90.13%), Red ball (89.01%), Barkel (87.21%), Macarena 
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(87.21%) and Swat-1 (86.49%) respectively. The data obtained from yield of all the 
tested cultivars showed maximum yield (18.56 tons ha-1) were obtained from Swat-1, 
followed by Sunset (16.23 tons ha-1), Macarena (15.78 tons ha-1), Granada red (15.68 
tons ha-1), Red ball (14.85 tons ha-1), Barkel (13.90tons ha-1), Trichmir (11.83 tons ha-1) 
and minimum was obtained from Ambika (9.34 tons ha-1). 
The studies on Population dynamic reveled that T. tabaci were remained a 
regular pest on onion during the growing seasons. The population buildup started from 
the last week of January and remained active up to the end of May. The peek 
population were recorded (50.02 thrips plant-1) during the third week of April 2012 and 
(59.49 thrips plant-1) in the second week of April 2013 respectively. Population model 
using the meteorological data showed that average air temperature were important in 
predicting the population development of T. tabaci which showed a positive correlation 
with thrips population (r = 0.63), while the rest of correlation co-efficient were even 
below 0.1. 
The efficacy of synthetic insecticide Polytrin C®440 EC (Profenofos + 
Cypermethrin) in comparison with the extracts form Azadirachta indica, Parthenium 
hysterophorus and Datura alba and a combination of selected dose of synthetic 
insecticide with each botanical extract were evaluated against T. tabaci. The results 
showed that all the botanicals extract control T. tabaci significantly at various degrees 
over the control (untreated plot). The results obtained from the combination of 
botanicals with synthetic insecticide at half rate each gave 76 to 77% control of onion 
thrips over control. Highest yield were recorded from the plots treated with 
combination of synthetic insecticide at half rate along with half rate each of botanical 
extract followed by botanicals extract singly as compared to control untreated plots.  
Female western flower thrips (WFT) showed more feeding damage when 
compared to male western flower thrips under laboratory condition. The feeding 
damage increased by increasing the number of female thrips leaf-1 disc as compared to 
male thrips.  Azadirachta indica oil significantly deterred WFT feeding when compared 
to controls treated with Tween or water but less effective than Conserve® (spinosad) in 
killing western flower thrips (WFT). The extract form Azadirachta indica seed, 
Parthenium hysterophorus leaves and Datura alba leaves were comparable to 
Conserve® (spinosad) in killing WFT. Mortality increased on the leaf disc treated with 
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these botanical extracts after 48 hours and did not differ significantly from one another. 
All the extracts obtained from these botanicals significantly reduce western flower 
thrips (WFT) feeding damage when compared to the water control. The highest 
mortality and least feeding damage was found in the leaf discs treated with synthetic 
insecticide Conserve® (spinosad) followed by botanicals extract. 
 Response of O. laevigatus (a predator of onion thrips) to chemical insecticide 
Conserve® (Spinosad) and botanicals extract showed that Conserve® caused hundred 
percent (100%) mortality of both O. laevigatus and T. tabaci, followed by 80% of O. 
laevigatus by half dose of Conserve® while there were no negative or mortality effect of 
botanicals extract on O. laevigatus. The consumption of T. tabaci by O. laevigatus has 
more in leaf discs treated with water followed by D. alba, A. indica and P. 
hysterophorus. The damage caused by onion thrips was recorded low in leaf discs 
treated with conserve followed by botanicals.    
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VII. CONCLUSIONS 
1. It is concluded that T. tabaci are distributed throughout these selected districts 
of Khyber Pakhtunkhwa Province, Pakistan. Average maximum and minimum 
number of thrips were recorded in district Swat and eastern part of Peshawar 
district.  
2. T. tabaci infested all the cultivars more or less, however cultivar Swat-1 showed 
to be the most tolerant against T. tabaci infestation as well as proved to be high 
yielding cultivar among the others. 
3. All the botanicals extract significantly control T. tabaci infestation at various 
degrees, however, based on cost benefit ratio obtained; Datura alba showed 
more benefit followed by Parthenium hysterophorus and Azadirachta indica. 
4. Female western flower thrips showed significantly more feeding damage than 
that of male thrips. Feeding damage caused by female western flower thrips 
increased significantly as the numbers of female leaf-1 disc was increased. 
5. All the concentration from the Azadirachta indica oil significantly deterred and 
reduced feeding damage of western flower thrips. The botanical Azadirachta 
indica seed, Parthenium hysterophorus leaves and Datura alba leaves extracts 
were as effective in killing WFT and reduces WFT feeding damage. 
6. Botanical pesticides offer a safer alternative to using synthetic chemicals and 
have less or no impact on the environment and biological control agents as well 
as botanicals can prevent pest resurgence. These findings encourage the use of 
botanicals extracts which are pollution free approaches for onion thrips control. 
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VIII. RECOMMENDATIONS 
1 Survey of selected as well as other onion growing districts of Khyber 
Pakhtunkhwa Province, Pakistan in active period (March-May) is 
regularly needed to monitor thrip infestation along with their natural 
enemies and for any new species occurrence. 
2 Cultivar may play an important role so approved cultivar of onion 
should be recommended. In this case Swat-1 is the most tolerant cultivar 
against T. tabaci infestation. 
3 To avoid using synthetic chemicals, botanical pesticides are an effective 
deterrent against onion thrips infestation. It could be manufactured 
commercially on large scale because they have less or no impact on the 
environment and non-target organisms. 
4 The recommended botanicals should be included in integrated pest 
management program. 
5 Further studies regarding the side effects of these botanicals are 
suggested. 
6 Extension efforts among the farmers promoting these management 
techniques should be required. 
7 Onion growers should be properly educated though mass media and 
training workshop about these dread, their life cycle, time of damage 
and use of management practices.  
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APPENDICES 
APPENDIX-I (ANOVA Tables) 
Distribution of Thrips tabaci in selected districts of  
Khyber Pakhtunkhwa Province, Pakistan 
1. Distribution of thrips in Peshawar (Eastern Part) 
1.1 Number of nymphs/plant in Peshawar (Eastern Part) 2011 
 
Source      DF         SS         MS       F          P 
 
Rep          4      39.045     9.7613 
Location     4     268.525    67.1312    3.01     0.0499 
Error       16     356.980    22.3113 
Total       24     664.550 
 
Grand Mean 20.414    CV 23.14 
1.2 Number of Adults/plant in Peshawar (Eastern Part)2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      18.042     4.5104 
Location     4      0.173    10.0432    1.98     0.1457 
Error       16      81.026     5.0641 
Total       24     139.241 
 
Grand Mean 9.0540    CV 24.85 
1.3 Average number of thrips/plant in Peshawar (Eastern Part) 2011 
 
Source      DF         SS         MS       F            P 
 
Rep          4       3.498     0.8745 
Location     4     102.964    25.7411    3.31    0.0370 
Error       16     124.289     7.7681_ 
Total       24     230.752 
 
Grand Mean 14.733    CV 18.92 
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1.4 Number of nymphs/plant in Peshawar (Eastern Part) 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4      40.35    85.0880 
Location     4      186.65    46.6625    1.10     0.3911 
Error       16      679.86    42.4913 
Total       24     1206.86 
 
Grand Mean 24.334    CV 26.79 
 
1.5 Number of Adults/plant in Peshawar (Eastern Part) 2012 
 
Source      DF        SS         MS       F             P 
 
Rep          4      52.119    13.0298 
Location     4      33.940     8.4850    1.58     0.2283 
Error       16      86.054     5.3784 
Total       24     72.114 
 
Grand Mean 10.333    CV 22.44 
 
1.6 Average number of thrips/plant in Peshawar (Eastern Part) 2012 
 
Source      DF        SS         MS       F             P 
 
Rep          4      63.387    15.8468 
Location     4      45.512    11.3779    0.88     0.5001 
Error      16     207.917    12.9948 
Total       24     316.816 
 
Grand Mean 17.333    CV 20.80 
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1.7 Average number of nymphs/plant in Peshawar (Eastern Part) 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1     192.08    192.080    4.05    0.0790 
Error Years*Rep              8     379.40     47.425 
Location                      4     441.86    110.465    3.41    0.0197 
Years*Location               4      13.31      3.329    0.10    0.9807 
Error Years*Rep*Location    32    1036.84     32.401 
Total                        49    2063.49 
 
Grand Mean 22.374 CV (Years*Rep) 30.78 CV (Years*Rep*Location) 25.44 
1.8 Average number of adults/plant in Peshawar (Eastern Part) 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1     20.454    20.4544    2.33    0.1652 
Error Years*Rep              8     70.161     8.7701 
Location                      4     68.530    17.1324    3.28    0.0231 
Years*Location               4      5.583     1.3959    0.27    0.8968 
Error Years*Rep*Location   32    167.080     5.2213 
Total                        49    331.809 
 
Grand Mean 9.6936 CV (Years*Rep) 30.55 CV (Years*Rep*Location) 23.57 
1.9 Average number of thrips/plant in Peshawar (Eastern Part) 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1     84.474    84.4740    10.10   0.0130 
Error Years*Rep              8     66.885     8.3606 
Location                      4    141.904    35.4759     3.42   0.0195 
Years*Location               4      6.572     1.6431     0.16   0.9578 
Error Years*Rep*Location   32    332.206    10.3814 
Total                        49    632.041 
 
Grand Mean 16.033 CV (Years*Rep) 18.03 CV (Years*Rep*Location) 20.10 
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2. Distribution of thrips in Peshawar (Western Part) 
2.1 Number of nymphs/plant in Peshawar (Western Part) 2011 
 
Source      DF         SS         MS       F             P 
 
Rep         4      75.175     18.7937 
Location     4      163.171    40.7928    1.99     0.1448 
Error       16     328.129    20.5081 
Total       24     566.475 
 
Grand Mean 19.102    CV 23.71 
 
2.2 Number of Adults/plant in Peshawar (Western Part) 2011 
 
Source      DF         SS         MS       F             P 
 
Rep         4      3.8742    0.96856 
Location     4     38.3854    9.59634    3.65     0.0270 
Error       16     42.1210    2.63256 
Total       24     84.3806 
 
Grand Mean 10.654    CV 15.23 
 
2.3 Average number of thrips/plant in Peshawar (Western Part) 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4       24.564     6.1411 
Location     4      88.018     22.0045    3.57     0.0290 
Error       16     98.569    6.1606 
Total       24     211.151 
 
Grand Mean 14.878    CV 16.68 
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2.4 Number of nymphs/plant in Peshawar (Western Part) 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4      178.06    44.515 
Location     4       505.65    126.413    3.04     0.0486 
Error       16      666.19    41.637 
Total       24     1349.90 
 
Grand Mean 27.040    CV 23.86 
 
2.5 Number of Adults/plant in Peshawar (Western Part) 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4     30.590    7.64742 
Location     4      39.289    9.82232    2.03     0.1382 
Error       16     77.343    4.83393 
Total       24     147.222 
 
Grand Mean 13.108    CV 16.77 
 
2.6 Average number of thrips/plant in Peshawar (Western Part) 2012 
 
Source      DF        SS         MS       F             P 
 
Rep          4      33.937     8.4842 
Location     4      199.788     49.9470    3.52     0.0304 
Error       16     226.977    14.1861 
Total       24     460.702 
 
Grand Mean 20.074    CV 18.76 
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2.7 Average number of nymphs/plant in Peshawar (Western Part) 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1     787.57    787.569    24.88   0.0011 
Error Years*Rep              8     253.23     31.654 
Location                      4      541.37     135.342    4.36    0.0063 
Years*Location               4      127.45      31.863    1.03    0.4091 
Error Years*Rep*Location    32    994.32     31.073 
Total                        49    2703.94 
 
Grand Mean 23.071 CV (Years*Rep) 24.39 CV (Years*Rep*Location) 24.16 
 
2.8 Average number of adults/plant in Peshawar (Western Part) 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1     75.252    75.2519    17.47   0.0031 
Error Years*Rep              8     34.464     4.3080 
Location                      4     62.851     15.7128     4.21   0.0075 
Years*Location               4     14.823     3.7058     0.99   0.4257 
Error Years*Rep*Location    32    119.464     3.7332 
Total                       49    306.854 
 
Grand Mean 11.881 CV (Years*Rep) 17.47 CV (Years*Rep*Location) 16.26 
2.9 Average number of thrips/plant in Peshawar (Western Part) 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1    337.58    337.584    46.16   0.0001 
Error Years*Rep              8     58.50      7.313 
Location                      4     238.86     59.715     5.87    0.0012 
Years*Location               4      48.95      12.237     1.20    0.3287 
Error Years*Rep*Location    32    325.55     10.173 
Total                        49    1009.44 
 
Grand Mean 17.476 CV (Years*Rep) 15.47 CV (Years*Rep*Location) 18.25 
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3. Distribution of thrips in District Swabi  
3.1 Number of nymphs/plant in Swabi 2011 
 
Source      DF        SS         MS       F          P 
 
Rep          4      525.97    131.492 
Location     4      290.16     72.539    2.40     0.0928 
Error       16      482.92     30.183 
Total       24     1299.05 
 
Grand Mean 37.414    CV 14.68 
 
3.2 Number of Adults/plant in in Swabi 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4     24.0004    6.00010 
Location     4      8.6373    2.15931    1.00     0.4344 
Error       16     34.4215    2.15134 
Total       24     67.0592 
 
Grand Mean 12.426    CV 11.80 
 
3.3 Average number of thrips/plant in in Swabi 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4     114.049    28.5124 
Location     4      72.008    18.0020    2.33     0.1006 
Error       16     123.758     7.7349 
Total       24     309.815 
 
Grand Mean 24.920    CV 11.16 
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3.4 Number of nymphs/plant in in Swabi 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4      464.66    116.165 
Location     4      587.76    146.939    1.05     0.4130 
Error       16     2240.65    140.041 
Total       24     3293.07 
 
Grand Mean 43.613    CV 27.13 
 
3.5 Number of Adults/plant in in Swabi 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4     10.5360    2.63400 
Location     4     14.8356    3.70889    3.22     0.0404 
Error       16     18.4122    1.15076 
Total       24     43.7838 
 
Grand Mean 13.734    CV 7.81 
 
3.6 Average number of thrips/plant in Swabi 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4     108.822    27.2055 
Location     4     130.490    32.6226    1.00     0.4354 
Error       16     521.139    32.5712 
Total       24     760.451 
 
Grand Mean 28.673    CV 19.90 
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3.7 Average number of nymphs/plant in in Swabi 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1     480.38    480.376    3.88    0.0844 
Error Years*Rep              8     990.63    123.829 
Location                      4     581.94    145.484    1.71    0.1722 
Years*Location               4     295.98     73.995    0.87    0.4929 
Error Years*Rep*Location    32    2723.57     85.112 
Total                        49    5072.49 
 
Grand Mean 40.514 CV (Years*Rep) 27.47 CV (Years*Rep*Location) 22.77 
 
3.8 Average number of adults/plant in in Swabi 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     21.360    21.3596    4.95    0.0568 
Error Years*Rep              8     34.536     4.3171 
Location                      4     22.326     5.5815    3.38    0.0204 
Years*Location               4      1.147     0.2867    0.17    0.9503 
Error Years*Rep*Location    32     52.834     1.6511 
Total                        49    132.203 
 
Grand Mean 13.080 CV (Years*Rep) 15.88 CV (Years*Rep*Location) 9.82 
3.9 Average number of thrips/plant in in Swabi 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     176.04    176.044    6.32    0.0362 
Error Years*Rep              8     222.87     27.859 
Location                      4     130.98     32.746    1.62    0.1921 
Years*Location               4      1.51      17.878    0.89    0.4828 
Error Years*Rep*Location    32     644.90     20.153 
Total                        49    1246.31 
Grand Mean 26.797CV(Years*Rep) 19.70 CV(Years*Rep*Location) 16.75 
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4. Distribution of thrips in District Mardan  
4.1 Number of nymphs/plant in Mardan 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4       58.78    14.6948 
Location     4      312.02    78.0060    1.00     0.4379 
Error       16     1252.36    78.2728 
Total       24     1623.17 
 
Grand Mean 28.800    CV 30.72 
4.2 Number of Adults/plant in in Mardan 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      5.3938    1.34845 
Location     4     21.2054    5.30135    1.60     0.2228 
Error       16     53.0410    3.31506 
Total       24     79.6402 
 
Grand Mean 11.520    CV 15.80 
 
4.3 Average number of thrips/plant in in Mardan 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      10.142     2.5354 
Location     4     120.015    30.0037    1.20     0.3478 
Error       16     399.106    24.9441 
Total       24     529.262 
 
Grand Mean 20.160    CV 24.77 
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4.4 Number of nymphs/plant in in Mardan 2012 
 
Source      DF        SS         MS       F             P 
 
Rep          4      271.59     67.897 
Location     4      462.53    115.633    1.54     0.2380 
Error       16     1201.04     75.065 
Total       24     1935.16 
 
Grand Mean 33.853    CV 25.59 
 
4.5 Number of Adults/plant in in Mardan2012  
 
Source      DF         SS         MS       F             P 
 
Rep          4      21.495    5.37383 
Location     4      20.723    5.18071    0.90     0.4885 
Error       16      92.395    5.77466 
Total       24     134.613 
 
Grand Mean 14.014    CV 17.15 
 
4.6 Average number of thrips/plant in Mardan 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4      54.552    13.6380 
Location     4     101.069    25.2673    1.28     0.3204 
Error       16     316.896    19.8060 
Total       24     472.517 
 
Grand Mean 23.932    CV 18.60 
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4.7 Average number of nymphs/plant in Mardan 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     319.19    319.185    7.73    0.0239 
Error Years*Rep              8     330.37     41.296 
Location                      4     662.93    165.732    2.16    0.0959 
Years*Location               4     111.63     27.907    0.36    0.8324 
Error Years*Rep*Location    32    2453.41     76.669 
Total                        49    3877.52 
 
Grand Mean 31.326 CV (Years*Rep) 20.51 CV (Years*Rep*Location) 27.95 
4.8 Average number of adults/plant in Mardan 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     77.775    77.7754    23.14   0.0013 
Error Years*Rep              8     26.889     3.3611  
Location                      4     21.552     5.3879     1.19    0.3359 
Years*Location               4     20.377     5.0942     1.12    0.3640 
Error Years*Rep*Location    32    145.436     4.5449 
Total                        49    292.028 
 
Grand Mean 12.767 CV (Years*Rep) 14.36 CV (Years*Rep*Location) 16.70 
4.9 Average number of thrips/plant in Mardan2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     177.89    177.888    22.00   0.0016 
Error Years*Rep              8      64.69      8.087 
Location                      4     191.85     47.963     2.14    0.0982 
Years*Location               4      29.23      7.309     0.33    0.8580 
Error Years*Rep*Location    32     716.00     22.375 
Total                        49    1179.67 
 
Grand Mean 22.046 CV (Years*Rep) 12.90 CV (Years*Rep*Location) 21.46 
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5. Distribution of thrips in District Nowshera 
5.1 Number of nymphs/plant in Nowshera 2011 
 
Source      DF        SS         MS       F             P 
 
Rep          4      610.34    152.585 
Location     4     1554.33    388.583    3.85     0.0224 
Error       16     1615.99    100.999 
Total       24     3780.66 
 
Grand Mean 29.200    CV 34.42 
5.2 Number of Adults/plant in Nowshera 2011 
 
Source      DF        SS         MS       F             P 
 
Rep          4      17.155     4.2887 
Location     4     119.096    29.7739    8.12     0.0009 
Error       16      58.676     3.6673 
Total       24     194.926 
 
Grand Mean 10.586    CV 18.09 
5.3 Average number of thrips/plant in Nowshera 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      184.06     46.015 
Location     4      537.58    134.395    5.58     0.0052 
Error       16      385.14     24.071 
Total       24     1106.78 
 
Grand Mean 19.893    CV 24.66 
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5.4 Number of nymphs/plant in Nowshera 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4     1421.89    355.473 
Location     4     2333.73    583.432    7.48     0.0001 
Error       41     3197.21     77.981 
Total       49     6952.83 
 
Grand Mean 30.213    CV 29.23 
 
5.5 Number of Adults/plant in Nowshera2012  
 
Source      DF         SS         MS       F             P 
 
Rep          4      34.878     8.7195 
Location     4      73.356    18.3391    2.83     0.0365 
Error       41     265.301     6.4708 
Total       49     373.535 
 
Grand Mean 11.713    CV 21.72 
 
5.6 Average number of thrips/plant in Nowshera2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4      440.35    110.087 
Location     4      678.38    169.595    8.80     0.0000 
Error       41      790.08     19.270 
Total       49     1908.80 
 
Grand Mean 20.963    CV 20.94 
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5.7 Average number of nymphs/plant in Nowshera 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1      51.35     51.349    0.28    0.6095 
Error Years*Rep              8    1454.15    181.769 
Location                      4    2333.73    583.432    6.16    0.0009 
Years*Location               4      82.69     20.674    0.22    0.9263 
Error Years*Rep*Location   32    3030.91     94.716 
Total                        49    6952.83 
 
Grand Mean 30.213 CV (Years*Rep) 44.62 CV (Years*Rep*Location) 32.21 
5.8 Average number of adults/plant in Nowshera 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     63.506    63.5065    12.64   0.0075 
Error Years*Rep              8     40.191     5.0239 
Location                      4     73.356    18.3391     4.09    0.0086 
Years*Location               4     53.153    13.2883     2.97    0.0343 
Error Years*Rep*Location    32    143.328     4.4790 
Total                        49    373.535 
 
Grand Mean 11.713 CV (Years*Rep) 19.14 CV (Years*Rep*Location) 18.07 
5.9 Average number of thrips/plant in Nowshera 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1      57.25     57.245    1.00    0.3456 
Error Years*Rep              8     455.94     56.993 
Location                      4     678.38    169.595    8.28    0.0001 
Years*Location               4      62.12     15.529    0.76    0.5600 
Error Years*Rep*Location    32     655.12     20.472 
Total                        49    1908.80 
 
Grand Mean 20.963 CV (Years*Rep) 36.01 CV (Years*Rep*Location) 21.58 
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6. Distribution of thrips in District Charssada 
6.1 Number of nymphs/plant in Charssada 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      343.34    85.8356 
Location     4      384.58    96.1460    2.53     0.0815 
Error       16      608.84    38.0523 
Total       24     1336.76 
 
Grand Mean 32.666    CV 18.88 
 
6.2 Number of Adults/plant in Charssada 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      44.168    11.0420 
Location     4     126.394    31.5986    7.94     0.0010 
Error       16      63.674     3.9796 
Total       24     234.236 
 
Grand Mean 13.055    CV 15.28 
 
6.3 Average number of thrips/plant in Charssada 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4     140.950    35.2374 
Location     4     204.290    51.0726    3.99     0.0198 
Error       16     205.011    12.8132 
Total       24     550.251 
 
Grand Mean 22.860    CV 15.66 
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6.4 Number of nymphs/plant in Charssada 2012 
 
Source      DF        SS         MS       F             P 
 
Rep          4      929.90    232.474 
Location     4     1685.62    421.404    5.71     0.0047 
Error       16     1181.73     73.858 
Total       24     3797.25 
 
Grand Mean 39.120    CV 21.97 
 
6.5 Number of Adults/plant in Charssada 2012  
 
Source      DF         SS         MS       F             P 
 
Rep          4      28.204     7.0509 
Location     4     223.171    55.7928    10.40    0.0002 
Error       16      85.848     5.3655 
Total       24     337.222 
 
Grand Mean 13.160    CV 17.60 
 
6.6 Average number of thrips/plant in Charssada 2012 
 
Source      DF         SS         MS       F            P 
 
Rep          4      294.69     73.673 
Location     4      618.66    154.664    9.77     0.0003 
Error       16      253.24     15.828 
Total       24     1166.59 
 
Grand Mean 26.140    CV 15.22 
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6.7 Average number of nymphs/plant in Charssada 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     520.68    520.676    3.27    0.1081 
Error Years*Rep            8    1273.24    159.155 
Location                      4    1732.85    433.212    7.74   0.0002 
Years*Location               4     337.35     84.338    1.51    0.2234 
Error Years*Rep*Location    32    1790.57     55.955 
Total                        49    5654.69 
 
Grand Mean 35.893 CV (Years*Rep) 35.15 CV (Years*Rep*Location) 20.84 
6.8 Average number of adults/plant in Charssada 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1      0.138     0.1383     0.02    0.9046 
Error Years*Rep              8     72.372     9.0465 
Location                      4    315.157    78.7892    16.86   0.0000 
Years*Location               4     34.409     8.6022     1.84    0.1453 
Error Years*Rep*Location    32    149.521     4.6725 
Total                        49    571.597 
 
Grand Mean 13.107 CV (Years*Rep) 22.95 CV (Years*Rep*Location) 16.49 
6.9 Average number of thrips/plant in Charssada2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1     134.51    134.513     2.47    0.1547 
Error Years*Rep             8     435.64     54.455 
Location                      4     743.05    185.762    12.97   0.0000 
Years*Location               4      79.90     19.974     1.39    0.2580 
Error Years*Rep*Location    32     458.26     14.320 
Total                        49    1851.35 
 
Grand Mean 24.500 CV (Years*Rep) 30.12 CV (Years*Rep*Location) 15.45 
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7. Distribution of thrips in District Swat 
7.1 Number of nymphs/plant in Swat 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      136.61     34.153 
Location     4     1403.28    350.821    2.36     0.0967 
Error       16     2373.89    148.368 
Total       24     3913.78 
 
Grand Mean 49.533    CV 24.59 
7.2 Number of Adults/plant in Swat 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4       8.194     2.0484 
Location     4      68.736    17.1841    1.78     0.1816 
Error       16     154.194     9.6371 
Total       24     231.124 
 
Grand Mean 13.308    CV 23.33 
 
7.3 Average number of thrips/plant in Swat 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4       49.12     12.281 
Location    4      484.31    121.077    3.12     0.0446 
Error       16      620.50     38.781 
Total       24     1153.93 
 
Grand Mean 31.421    CV 19.82 
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7.4 Number of nymphs/plant in Swat 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4     2052.21    513.053 
Location     4     2053.61    513.402    3.35     0.0356 
Error       16     2448.60    153.038 
Total       24     6554.42 
 
Grand Mean 65.640    CV 18.85 
 
7.5 Number of Adults/plant in Swat 2012  
 
Source      DF         SS         MS       F             P 
 
Rep          4      27.349     6.8372 
Location     4     175.942    43.9854    2.94     0.0535 
Error       16     239.455    14.9659 
Total       24     442.746 
 
Grand Mean 17.467    CV 22.15 
 
7.6 Average number of thrips/plant in Swat 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4      557.19    139.297 
Location     4      766.71    191.678   4.16     0.0170 
Error       16      737.78     46.111 
Total       24     2061.68 
 
Grand Mean 41.554    CV 16.34 
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7.7 Average number of nymphs/plant in Swat 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1     3242.9    3242.86    11.85   0.0088 
Error Years*Rep              8     2188.8     273.60 
Location                      4     3357.8     839.45     5.57    0.0016 
Years*Location               4       99.1      24.77     0.16    0.9549 
Error Years*Rep*Location    32     4822.5     150.70 
Total                        49    13711.1 
 
Grand Mean 57.586 CV (Years*Rep) 28.72 CV (Years*Rep*Location) 21.32 
7.8 Average number of adults/plant in Swat 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1    216.278    216.278    48.68   0.0001 
Error Years*Rep              8     35.543      4.443 
Location                      4    212.711     53.178     4.32    0.0066 
Years*Location               4     31.967      7.992     0.65    0.6313 
Error Years*Rep*Location    32    393.648     12.302 
Total                        49    890.148 
 
Grand Mean 15.387 CV (Years*Rep) 13.70 CV (Years*Rep*Location) 22.79 
7.9 Average number of thrips/plant in Swat 2011-12 
 
Source        DF        SS         MS       F           P 
 
Years                         1    1283.42    1283.42    16.93   0.0034 
Error Years*Rep             8     606.31      75.79 
Location                      4    1208.91     302.23     7.12    0.0003 
Years*Location               4      42.11      10.53     0.25    0.9087 
Error Years*Rep*Location    32    1358.27     42.45 
Total                        49    4499.03 
Grand Mean 36.488 CV (Years*Rep) 23.86 CV (Years*Rep*Location) 17.86 
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8. Distribution of thrips in District Dir (Lower) 
8.1 Number of nymphs/plant in Dir 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4     179.623    44.9058 
Location     4      91.054    22.7635    0.82     0.5328 
Error       16     445.726    27.8579 
Total       24     716.403 
 
Grand Mean 30.280    CV 17.43 
8.2 Number of Adults/plant in Dir 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      17.364     4.3411 
Location     4     113.851    28.4627    8.07     0.0009 
Error       16      56.403     3.5252 
Total       24     187.618 
 
Grand Mean 11.053    CV 16.99 
 
8.3 Average number of thrips/plant in Dir 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      48.509    12.1272 
Location     4      83.251    20.8128    3.09     0.0462 
Error       16     107.848     6.7405 
Total       24     239.608 
 
Grand Mean 20.667    CV 12.56 
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8.4 Number of nymphs/plant in Dir 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4       74.18    18.5456 
Location    4      250.52    62.6302    1.34     0.2973 
Error       16      746.55    46.6596 
Total       24     1071.26 
 
Grand Mean 33.054    CV 20.67 
8.5 Number of Adults/plant in Dir 2012  
 
Source      DF         SS         MS       F             P 
 
Rep          4      2.3511    0.58778 
Location     4     13.9049    3.47622    1.07     0.4033 
Error       16     51.9513    3.24695 
Total       24     68.2073 
 
Grand Mean 14.200    CV 12.69 
 
8.6 Average number of thrips/plant in Dir 2012 
 
Source      DF        SS         MS       F             P 
 
Rep          4      22.286     5.5714 
Location     4      91.471    22.8678    1.98     0.1459 
Error       16     184.604    11.5377 
Total       24     298.361 
 
Grand Mean 23.626    CV 14.38 
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8.7 Average number of nymphs/plant in Dir 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1      96.16    96.1607    3.03    0.1199 
Error Years*Rep              8     253.81    31.7257 
Location                      4     242.43    60.6074    1.63    0.1916 
Years*Location               4      99.15    24.7863    0.67    0.6208 
Error Years*Rep*Location    32    1192.28    37.2587 
Total                        49    1883.82 
 
Grand Mean 31.667 CV (Years*Rep) 17.79 CV (Years*Rep*Location) 19.28 
8.8 Average number of adults/plant in Dir 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1    123.811    123.811    50.24   0.0001 
Error Years*Rep              8     19.716      2.464 
Location                      4     55.593     13.898     4.10    0.0085 
Years*Location               4     72.163     18.041     5.33    0.0021 
Error Years*Rep*Location    32    108.355      3.386 
Total                        49    379.636 
 
Grand Mean 12.627 CV (Years*Rep) 12.43 CV (Years*Rep*Location) 14.57 
8.9 Average number of thrips/plant in Dir 2011-12 
 
Source        DF        SS         MS       F          P 
 
Years                         1    109.490    109.490    12.37   0.0079 
Error Years*Rep              8     70.795      8.849 
Location                      4    103.106     25.777     2.82    0.0412 
Years*Location               4     71.616     17.904     1.96    0.1247 
Error Years*Rep*Location    32    292.452      9.139 
Total                        49    647.459 
 
Grand Mean 22.147 CV (Years*Rep) 13.43 CV (Years*Rep*Location) 13.65 
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9. Average infestation of thrips on onion crop in selected district of Khyber 
Pakhtunkhwa Province Pakistan 2011. 
9.1 Number of nymphs/plant in selected districts 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      230.48     57.619 
Location     7     2923.95    417.707    18.27    0.0000 
Error       28      640.19     22.864 
Total       39     3794.62 
 
Grand Mean 31.314    CV 15.27 
 
9.2 Number of Adults/plant in selected districts 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4      11.649     2.9122 
Location     7      71.331    10.1901    2.99     0.0180 
Error       28      95.543     3.4123 
Total       39     178.523 
 
Grand Mean 11.457    CV 16.12 
 
9.3 Average number of thrips/plant in selected districts 2011 
 
Source      DF         SS         MS       F             P 
 
Rep          4       80.63     20.157 
Location     7      942.11    134.587    15.23    0.0000 
Error       28      247.50      8.839 
Total       39     1270.23 
 
Grand Mean 21.385    CV 13.90 
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9.4 Number of nymphs/plant in selected districts 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4      235.88     58.971 
Location     7     6008.94    858.420    24.17    0.0000 
Error       28      994.58     35.521 
Total       39     7239.40 
 
Grand Mean 37.144    CV 16.05 
 
9.5 Number of Adults/plant in selected districts 2012  
 
Source      DF         SS         MS       F             P 
 
Rep          4      16.343     4.0857 
Location     7     141.601    20.2287    6.92     0.0001 
Error       28      81.896     2.9249 
Total       39     239.840 
 
Grand Mean 13.519    CV 12.65 
 
9.6 Average number of thrips/plant in selected districts 2012 
 
Source      DF         SS         MS       F             P 
 
Rep          4       80.96     20.241 
Location     7     1951.97    278.852    24.91    0.0000 
Error       28      313.45     11.195 
Total       39     2346.38 
 
Grand Mean 25.331    CV 13.21 
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9.7 Average number of nymphs/plant in selected districts 2011-12 
 
Source        DF        SS         MS       F          P 
 
Year                         1      679.7     679.72    11.66   0.0092 
Error Year*Rep              8      466.4      58.29 
Location                     7     8590.2    1227.17    42.04   0.0000 
Year*Location               7      342.7      48.96     1.68    0.1335 
Error Year*Rep*Location    56     1634.8      29.19 
Total                       79    11713.7 
 
Grand Mean 34.229 CV (Year*Rep) 22.31 CV (Year*Rep*Location) 15.79 
9.8 Average number of adults/plant in selected districts 2011-12 
 
Source        DF        SS         MS       F          P 
 
Year                         1     84.975    84.9750    24.29   0.0012 
Error Year*Rep              8     27.992     3.4990 
Location                     7    185.702    26.5288     8.37    0.0000 
Year*Location               7     27.230     3.8900     1.23    0.3033 
Error Year*Rep*Location    56    177.440     3.1686 
Total                       79   503.338 
 
Grand Mean 12.488 CV (Year*Rep) 14.98 CV (Year*Rep*Location) 14.25 
9.9 Average number of thrips/plant in selected districts 2011-12 
 
Source        DF        SS         MS       F          P 
 
Year                         1     311.30    311.300    15.41   0.0044 
Error Year*Rep              8     161.59     20.199 
Location                     7    2779.39    397.056    39.64   0.0000 
Year*Location              7     114.68     16.384     1.64    0.1444 
Error Year*Rep*Location    56     560.95     10.017 
Total                       79    3927.92 
 
Grand Mean 23.358 CV (Year*Rep) 19.24 CV (Year*Rep*Location) 13.55 
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APPENDIX-II (ANOVA Tables) 
Screening of commercially available onion cultivars against T. tabaci infestation  
1. Number of thrips/plant on eight onion cultivars in 2011 
Source      DF         SS         MS       F             P 
 
Reps          2       1.014     0.5071 
Cultivars     7     102.647    14.6638    43.02    0.0000 
Error        14       4.772     0.3408 
Total        23     108.433 
 
Grand Mean 8.5892    CV 6.80 
 
 
2. Plant height observed in eight onion cultivars in 2011  
Source      DF         SS         MS       F             P 
 
Reps          2       13.02      6.508 
Cultivars     7     2151.01    307.287    22.22    0.0000 
Error        14      193.62     13.830 
Total        23     2357.64 
 
Grand Mean 46.021    CV 8.08 
 
 
3. Number of leaves recorded in eight onion cultivars in 2011 
 
 
Source      DF         SS         MS       F             P 
 
Reps          2      18.541     9.2704 
Cultivars     7     119.147    17.0210    8.98     0.0003 
Error        14      26.546     1.8961 
Total        23     164.233 
 
Grand Mean 10.267    CV 13.41 
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4. Plant succulency recorded in eight onion cultivars in 2011 
 
 
Source      DF         SS         MS       F             P 
 
Reps          2      40.333    20.1667 
Cultivars     7     141.219    20.1742    3.67     0.0184 
Error        14      77.000     5.5000 
Total        23     258.553 
 
Grand Mean 89.056    CV 2.63 
 
 
5. Yield per hectare recorded in eight onion cultivars in 2011 
 
 
 
Source      DF         SS         MS       F             P 
 
Reps          2     3.684E+07    1.842E+07 
Cultivars     7     1.097E+08    1.567E+07    6.59     0.0014 
Error        14     3.333E+07      2380478 
Total        23     1.799E+08 
 
Grand Mean 12463    CV 12.38 
 
 
6. Number of thrips/plant on eight onion cultivars in 2012  
Source      DF         SS         MS       F             P 
 
Reps          2      0.5993    0.29963 
Cultivars     7     17.6599    2.52285    6.00     0.0022 
Error        14      5.8906    0.42076 
Total        23     24.1498 
 
Grand Mean 8.2508    CV 7.86 
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7. Plant height observed in eight onion cultivars in 2012 
Source      DF         SS         MS       F             P 
 
Reps          2       10.09      5.045 
Cultivars     7     1637.51    233.930    16.19    0.0000 
Error        14      202.35     14.454 
Total        23     1849.95 
 
Grand Mean 46.542    CV 8.17 
 
8. Number of leaves recorded in eight onion cultivars in 2012 
 
 
Source      DF         SS         MS       F             P 
 
Reps          2      4.791     7.3954 
Cultivars     7      99.933    14.2762    9.06     0.0003 
Error        14      22.049     1.5749 
Total        23     136.773 
 
Grand Mean 10.333    CV 12.14 
 
 
9. Plant succulency recorded in eight onion cultivars in 2012 
 
Source      DF         SS         MS       F             P 
 
Reps          2      40.333    20.1667 
Cultivars     7     141.219    20.1742    3.67     0.0184 
Error        14      77.000     5.5000 
Total        23     258.553 
 
Grand Mean 90.056    CV 2.60 
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10. Yield per hectare recorded in eight onion cultivars in 2012 
 
Source      DF         SS         MS       F             P 
 
Reps          2     1.144E+07      5724618 
Cultivars     7     1.969E+08    2.813E+07    9.47     0.0002 
Error        14     4.158E+07      2970136 
Total        23     2.500E+08 
Grand Mean 13881    CV 12.42 
 
11. Number of thrips/plant on eight onion cultivars in 2011-12  
Source        DF        SS         MS       F         P 
 
Year                           1      1.374     1.3736     3.41    0.1387 
Error Year*Reps               4      1.613     0.4034 
Cultivars                      7     89.668    12.8097    33.64   0.0000 
Year*Cultivars                7     30.638     4.3769    11.49   0.0000 
Error Year*Reps*Cultivars    28     10.662     0.3808 
Total                         47    133.956 
 
Grand Mean 8.4200 CV (Year*Reps) 7.54 CV (Year*Reps*Cultivars) 7.33 
 
 
12. Plant height observed in eight onion cultivars in 2011-12  
Source        DF        SS         MS       F         P 
 
Year                           1       3.26      3.255     0.56    0.4946 
Error Year*Reps               4      23.11      5.777 
Cultivars                      7    3397.60    485.371    34.32   0.0000 
Year*Cultivars                7     390.92     55.846     3.95    0.0041 
Error Year*Reps*Cultivars    28     395.97     14.142 
Total                         47    4210.85 
 
Grand Mean 46.281 CV (Year*Reps) 5.19 CV (Year*Reps*Cultivars) 8.13 
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13. Number of leaves recorded in eight onion cultivars in 2011-12 
 
 
Source        DF        SS         MS       F         P 
 
Year                           1      0.053     0.0533     0.01    0.9401 
Error Year*Reps               4     33.332     8.3329 
Cultivars                      7    218.317    31.1881    17.97   0.0000 
Year*Cultivars                7      0.763     0.1090     0.06    0.9995 
Error Year*Reps*Cultivars    28     48.595     1.7355 
Total                         47    301.060 
 
Grand Mean 10.300 CV (Year*Reps) 28.03 CV (Year*Reps*Cultivars) 12.79 
 
 
14. Plant succulency recorded in eight onion cultivars in 2011-12 
 
Source        DF        SS         MS       F         P 
 
Year                           1     12.000    12.0000    0.60    0.4835 
Error Year*Reps               4     80.667    20.1667 
Cultivars                      7    277.949    39.7070    7.22    0.0001 
Year*Cultivars                7      4.490     0.6414    0.12    0.9966 
Error Year*Reps*Cultivars    28    154.000     5.5000 
Total                         47    529.105 
 
Grand Mean 89.556 CV (Year*Reps) 5.01 CV (Year*Reps*Cultivars) 2.62 
 
 
15. Yield per hectare recorded in eight onion cultivars in 2011-2012 
 
Source        DF         SS         MS       F     P 
 
Year                           1    2.411E+07   2.411E+07 2.00    0.2304 
Error Year*Reps               4    4.829E+07   1.207E+07 
Cultivars                      7    2.797E+08   3.995E+07    14.93   0.0000 
Year*Cultivars                7    2.703E+07   3861731     1.44    0.2279 
Error Year*Reps*Cultivars    28    7.491E+07   2675307 
Total                         47    4.540E+08 
 
Grand Mean13172 CV(Year*Reps) 26.38 CV(Year*Reps*Cultivars) 12.42 
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APPENDIX-III (ANOVA Tables) 
Evaluation of botanical extracts singly and in selected combination with synthetic 
insecticide against onion thrips infestation on onion crop. 
 
1.  Number of thrips/plant recorded before first spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2      30.639    15.3194 
Treat      7      38.213     5.4591    0.88     0.5436 
Error     14      86.502     6.1787 
Total      23     155.354 
 
Grand Mean 17.640    CV 14.09 
 
 
2.  Number of thrips/plant recorded after one day of first spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2      38.842    19.4212 
Treat      7     599.089    85.5841    47.87    0.0000 
Error     14      25.031     1.7879 
Total     23     662.962 
 
Grand Mean 9.3363    CV 14.32 
 
 
3.  Number of thrips/plant recorded after three days of first spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2        1.22      0.610 
Treat      7     1058.19    151.171    168.52    0.0000 
Error     14       12.56      0.897 
Total     23     1071.97 
 
Grand Mean 11.034    CV 8.58 
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4.  Number of thrips/plant recorded after seven days of first spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       1.513     0.7566 
Treat      7     554.318    79.1883    14.61    0.0000 
Error     14      75.897     5.4212 
Total     23     631.728 
 
Grand Mean 10.602    CV 21.96 
 
5.  Number of thrips/plant recorded after ten days of first spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2      10.877      5.438 
Treat      7     724.653    103.522    23.97    0.0000 
Error     14      60.465      4.319 
Total     23     795.995 
 
Grand Mean 14.284    CV 14.55 
 
 
6.  Number of thrips/plant recorded after fifteen days of first spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       7.396      3.698 
Treat      7     859.692    122.813    21.02    0.0000 
Error     14      81.788      5.842 
Total     23     948.877 
 
Grand Mean 20.162    CV 11.99 
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7.  Number of thrips/plant recorded before second spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       1.572     0.7860 
Treat      7     669.402    95.6288    10.91    0.0001 
Error     14     122.728     8.7663 
Total     23     793.702 
 
Grand Mean 26.653    CV 11.11 
 
8.  Number of thrips/plant recorded after one day of second spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2        3.48      1.740 
Treat      7     3798.16    542.594   376.50    0.0000 
Error     14       20.18      1.441 
Total     23     3821.81 
 
Grand Mean 13.758    CV 8.73 
 
9.  Number of thrips/plant recorded after three days of second spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2        1.58      0.791 
Treat      7     3852.04    550.291    210.79    0.0000 
Error     14       36.55      2.611 
Total     23     3890.17 
 
Grand Mean 15.750    CV 10.26 
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10.  Number of thrips/plant recorded after seven days of second spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2        1.58      0.791 
Treat      7     3852.04    550.291    210.79    0.0000 
Error     14       36.55      2.611 
Total     23     3890.17 
 
Grand Mean 15.750    CV 10.26 
 
11.  Number of thrips/plant recorded after ten days of second spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       39.65     19.824 
Treat      7     3954.41    564.916    168.44    0.0000 
Error     14       46.95      3.354 
Total     23     4041.01 
 
Grand Mean 18.895    CV 9.69 
12.  Number of thrips/plant recorded after fifteen days of second spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       37.98     18.990 
Treat      7     2279.01    325.573    61.71    0.0000 
Error     14       73.86      5.276 
Total     23     2390.85 
 
Grand Mean 19.303    CV 11.90 
 
13.  Number of thrips/plant recorded before third spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       45.73     22.866 
Treat      7     4004.33    572.048    159.84    0.0000 
Error     14       50.10      3.579 
Total     23     4100.17 
Grand Mean 23.705    CV 7.98 
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14.  Number of thrips/plant recorded after one day of third spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2        4.51      2.253 
Treat      7     5242.21    748.888    551.12    0.0000 
Error     14       19.02      1.359 
Total     23     5265.74 
 
Grand Mean 15.502    CV 7.52 
 
15.  Number of thrips/plant recorded after three days of third spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2        2.56      1.279 
Treat      7     5561.45    794.492    509.16    0.0000 
Error     14       21.85      1.560 
Total     23     5585.85 
 
Grand Mean 17.008    CV 7.34 
16.  Number of thrips/plant recorded after seven days of third spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2        9.93      4.967 
Treat      7     1711.85    244.551    136.18    0.0000 
Error     14       25.14      1.796 
Total     23     1746.93 
 
Grand Mean 12.698    CV 10.55 
 
17.  Number of thrips/plant recorded after ten days of third spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       28.47     14.234 
Treat      7     2276.36    325.194    51.64    0.0000 
Error     14       88.17      6.298 
Total     23     2392.99 
Grand Mean 13.180    CV 19.04 
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18.  Number of thrips/plant recorded after fifteen days of third spray 2012 
 
Source      DF         SS         MS       F             P 
 
Block      2       41.65     20.824 
Treat      7     2006.08    286.582    31.13    0.0000 
Error     14      128.89      9.206 
Total     23     2176.61 
 
Grand Mean 16.810    CV 18.05 
 
19.  Number of thrips/plant recorded before first spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       41.65     20.824 
Treat      7     2006.08    286.582    31.13    0.0000 
Error     14      128.89      9.206 
Total     23     2176.61 
Grand Mean 16.810    CV 18.05 
 
20.  Number of thrips/plant recorded after one day of first spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2      39.948    19.9742 
Treat      7     583.487    83.3552    37.27    0.0000 
Error     14      31.314     2.2367 
Total     23     654.749 
 
Grand Mean 9.3054    CV 16.07 
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21.  Number of thrips/plant recorded after three days of first spray 2013 
 
Source      DF         SS         MS       F            P 
 
Block      2       2.190      1.095 
Treat      7     904.587    129.227    115.94    0.0000 
Error     14      15.604      1.115 
Total     23     922.381 
 
Grand Mean 11.470    CV 9.20 
 
22.  Number of thrips/plant recorded after seven days of first spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       2.181     1.0906 
Treat      7     489.109    69.8727    11.32    0.0001 
Error     14      86.412     6.1723 
Total     23     577.703 
 
Grand Mean 10.191    CV 24.38 
 
23.  Number of thrips/plant recorded after ten days of first spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2      55.266    27.6332 
Treat      7     382.238    54.6054    39.42    0.0000 
Error     14      19.392     1.3851 
Total     23     456.896 
 
Grand Mean 8.5058    CV 13.84 
24.  Number of thrips/plant recorded after fifteen days of first spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2      73.842     36.921 
Treat      7     764.890    109.270    63.41    0.0000 
Error     14      24.124      1.723 
Total     23     862.855 
Grand Mean 13.975    CV 9.39 
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25.  Number of thrips/plant recorded before second spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       57.78     28.891 
Treat      7     1071.55    153.079    100.28    0.0000 
Error     14       21.37      1.527 
Total     23     1150.71 
 
Grand Mean 16.729    CV 7.39 
 
26.  Number of thrips/plant recorded after one day of second spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       15.75      7.877 
Treat      7     4441.37    634.482    563.89    0.0000 
Error     14       15.75      1.125 
Total     23     4472.88 
 
Grand Mean 11.122    CV 9.54 
 
27.  Number of thrips/plant recorded after three days of second spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       34.76     17.378 
Treat      7     2461.37    351.624    78.93    0.0000 
Error     14       62.37      4.455 
Total     23     2558.50 
 
Grand Mean 11.830    CV 17.84 
28.  Number of thrips/plant recorded after seven days of second spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       34.76     17.378 
Treat      7     2461.37    351.624    78.93    0.0000 
Error     14       62.37      4.455 
Total     23     2558.50 
Grand Mean 11.830    CV 17.84 
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29.  Number of thrips/plant recorded after ten days of second spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       30.44     15.220 
Treat     7     3897.54    556.791    119.61    0.0000 
Error     14       65.17      4.655 
Total     23     3993.14 
 
Grand Mean 15.866    CV 13.60 
 
 
30.  Number of thrips/plant recorded after fifteen days of second spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       24.18     12.088 
Treat      7     4354.86    622.123    219.82    0.0000 
Error     14       39.62      2.830 
Total     23     4418.66 
 
Grand Mean 19.856    CV 8.47 
 
31.  Number of thrips/plant recorded before third spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       53.35     26.674 
Treat      7     3603.75    514.821    91.22    0.0000 
Error     14       79.01      5.643 
Total     23     3736.10 
Grand Mean 23.713    CV 10.02 
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32.  Number of thrips/plant recorded after one day of third spray 2013 
Source      DF         SS         MS       F             P 
 
Block      2        2.55      1.277 
Treat      7     4458.28    636.897    1199.09    0.0000 
Error     14        7.44      0.531 
Total     23     4468.27 
 
Grand Mean 10.780    CV 6.76 
 
33.  Number of thrips/plant recorded after three days of third spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       41.79     20.895 
Treat      7     2744.21    392.030    48.92    0.0000 
Error     14      112.18      8.013 
Total     23     2898.18 
 
Grand Mean 11.631    CV 24.34 
 
34.  Number of thrips/plant recorded after seven days of third spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       26.43     13.217 
Treat      7     2457.37    351.053    50.08    0.0000 
Error     14       98.15      7.010 
Total     23     2581.95 
 
Grand Mean 11.919    CV 22.21 
 
35.  Number of thrips/plant recorded after ten days of third spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       28.47     14.234 
Treat      7     2276.36    325.194    51.64    0.0000 
Error     14       88.17      6.298 
Total     23     2392.99 
Grand Mean 13.180    CV 19.04 
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36.  Number of thrips/plant recorded after fifteen days of third spray 2013 
 
Source      DF         SS         MS       F             P 
 
Block      2       41.65     20.824 
Treat      7     2006.08    286.582    31.13    0.0000 
Error     14      128.89      9.206 
Total     23     2176.61 
 
Grand Mean 16.810    CV 18.05 
 
37.  Average number of thrips/plant recorded before first spray 2012-13 
 
Source        DF        SS         MS       F         P 
 
Year                      1    1181.77    1181.77    79.64    0.0009 
Error Year*Rep            4      59.35      14.84 
Treat                     7    1661.87     237.41    46.13    0.0000 
Year*Treat                7      79.09      11.30     2.20     0.0656 
Error Year*Rep*Treat    28     144.10       5.15 
Total                    47    3126.18 
 
Grand Mean 21.691 CV (Year*Rep) 17.76 CV (Year*Rep*Treat) 10.46 
 
 
38.  Average number of thrips/plant recorded after one day of first spray 2012-13 
 
Source        DF        SS         MS       F         P 
 
Year                      1      83.40      83.40     17.35     0.0141 
Error Year*Rep            4      19.23     4.81 
Treat                     7    8221.61 1174.52    915.32   0.0000 
Year*Treat                7      17.92       2.56      1.99      0.0917 
Error Year*Rep*Treat28      35.93   1.28 
Total                    47    8378.09 
 
Grand Mean 12.440 CV(Year*Rep) 17.63 CV(Year*Rep*Treat) 9.11 
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39.  Average number of thrips/plant recorded after three days of first spray 
2012-13 
 
Source        DF        SS         MS       F          P 
 
Year                      1     184.36    184.358     20.29     0.0108 
Error Year*Rep            4      36.34      9.085 
Treat                     7    6227.48    889.641    251.82   0.0000 
Year*Treat                7      85.92     12.274      3.47      0.0084 
Error Year*Rep*Treat 28      98.92      3.533 
Total                    47    6633.02 
 
Grand Mean 13.790 CV (Year*Rep) 21.86 CV (Year*Rep*Treat) 13.63 
 
 
40.  Average number of thrips/plant recorded after seven days of first spray 
2012-13 
 
Source      DF        SS         MS       F       P 
 
Year                      1     106.39     106.39      9.48      0.0370 
Error Year*Rep            4      44.90      11.23 
Treat                     7    7177.62    1025.37    274.88   0.0000 
Year*Treat                7      24.98       3.57      0.96      0.4808 
Error Year*Rep*Treat 28     104.45       3.73 
Total                    47    7458.34 
 
Grand Mean 15.783 CV (Year*Rep) 21.23 CV (Year*Rep*Treat) 12.24 
 
 
41.  Average number of thrips/plant recorded after ten days of first spray 2012-13 
 
Source        DF        SS         MS       F          P 
 
Year                      1     110.11     110.11      6.28      0.0663 
Error Year*Rep            4      70.09      17.52 
Treat                     7    7824.59    1117.80    279.15   0.0000 
Year*Treat                7      27.36       3.91      0.98      0.4677 
Error Year*Rep*Treat 28     112.12       4.00 
Total                    47    8144.27 
 
Grand Mean 17.381 CV (Year*Rep) 24.08 CV(Year*Rep*Treat) 11.51 
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42.  Average number of thrips/plant recorded after fifteen days of first spray 
2012-13 
 
Source        DF        SS         MS       F        P 
 
Year                      1       3.67      3.669      0.24      0.6525 
Error Year*Rep            4      62.16     15.539 
Treat                     7    6460.55    922.936    227.72   0.0000 
Year*Treat                7     173.32     24.760      6.11      0.0002 
Error Year*Rep*Treat 28     113.48      4.053 
Total                    47    6813.18 
 
Grand Mean 19.579 CV (Year*Rep) 20.13 CV (Year*Rep*Treat) 10.28 
 
 
43.  Average number of thrips/plant recorded before second spray 2012-13 
 
Source        DF        SS         MS       F            P 
 
Year                      1      9.792    9.79213    1.21    0.3338 
Error Year*Rep            4     32.478    8.11940 
Treat                     7     47.209    6.74411    1.70    0.1500 
Year*Treat                7     10.892    1.55593    0.39    0.8991 
Error Year*Rep*Treat 28    111.154    3.96979 
Total                    47    211.524 
 
Grand Mean 17.188 CV (Year*Rep) 16.58 CV (Year*Rep*Treat) 11.59 
 
 
44.  Average number of thrips/plant recorded after one day of second spray 
2012-13 
 
Source        DF        SS         MS       F          P 
 
Year                      1       0.01      0.011     0.00     0.9820 
Error Year*Rep            4      78.79     19.698 
Treat                     7    1180.33    168.619    83.79    0.0000 
Year*Treat                7       2.24      0.321     0.16     0.9912 
Error Year*Rep*Treat 28      56.34      2.012 
Total                    47    1317.72 
 
Grand Mean 9.3208 CV (Year*Rep) 47.62 CV (Year*Rep*Treat) 15.22 
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45.  Average number of thrips/plant recorded after three days of second spray 
2012-13 
 
Source        DF        SS         MS       F           P 
 
Year                      1       2.28      2.279      2.67      0.1774 
Error Year*Rep            4       3.41      0.853 
Treat                     7    1955.54    279.363    277.75   0.0000 
Year*Treat                7       7.24      1.035      1.03      0.4336 
Error Year*Rep*Treat    28      28.16      1.006 
Total                    47    1996.63 
 
Grand Mean 11.252 CV (Year*Rep) 8.21 CV (Year*Rep*Treat) 8.91 
 
 
46.  Average number of thrips/plant recorded after seven days of second spray 
2012-13 
 
Source        DF        SS         MS       F            P 
 
Year                      1       2.03      2.030     2.20    0.2124 
Error Year*Rep            4       3.69      0.924 
Treat                     7    1039.18    148.455    25.61   0.0000 
Year*Treat                7       4.24      0.606     0.10    0.9976 
Error Year*Rep*Treat    28     162.31      5.797 
Total                    47    1211.46 
 
Grand Mean 10.396 CV (Year*Rep) 9.24 CV (Year*Rep*Treat) 23.16 
 
 
47.  Average number of thrips/plant recorded after ten days of second spray 
2012-13 
 
Source        DF        SS         MS       F          P 
 
Year                      1     400.61    400.612    24.23   0.0079 
Error Year*Rep            4      66.14     16.536 
Treat                     7    1021.41    145.916    51.16   0.0000 
Year*Treat                7      85.48     12.211     4.28    0.0025 
Error Year*Rep*Treat    28      79.86      2.852 
Total                    47    1653.50 
 
Grand Mean 11.395 CV (Year*Rep) 35.69 CV (Year*Rep*Treat) 14.82 
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48.  Average number of thrips/plant recorded after fifteen days of second spray 
2012-13 
 
Source        DF        SS         MS       F           P 
 
Year                      1     459.30    459.298    22.61    0.0089 
Error Year*Rep            4      81.24     20.309 
Treat                     7    1589.78    227.112    60.04    0.0000 
Year*Treat                7      34.80      4.971     1.31     0.2802 
Error Year*Rep*Treat    28     105.91      3.783 
Total                    47    2271.03 
 
Grand Mean 17.068 CV (Year*Rep) 26.40 CV (Year*Rep*Treat) 11.39 
 
 
49.  Average number of thrips/plant recorded before third spray 2012-13 
 
Source        DF        SS         MS       F         P 
 
Year                      1    9.187E-04    9.187E-04      0.00      0.9954 
Error Year*Rep            4      99.0798      24.7700 
Treat                     7      7584.72      1083.53    234.98   0.0000 
Year*Treat                7      23.3631      3.33758      0.72      0.6530 
Error Year*Rep*Treat    28      129.113      4.61117 
Total                    47      7836.27 
 
Grand Mean 23.709 CV (Year*Rep) 20.99 CV (Year*Rep*Treat) 9.06 
 
 
50.  Average number of thrips/plant recorded after one day of third spray 
2012-13 
 
Source        DF        SS         MS       F            P 
 
Year                      1      267.7     267.67     151.65     0.0002 
Error Year*Rep            4        7.1        1.77 
Treat                     7     9680.3    1382.91    1463.39   0.0000 
Year*Treat                7       20.1       2.88       3.05        0.0164 
Error Year*Rep*Treat    28       26.5       0.95 
Total                    47    10001.7 
 
Grand Mean 13.141 CV (Year*Rep) 10.11 CV (Year*Rep*Treat) 7.40 
 
 
 
120 
51.  Average number of thrips/plant recorded after three days of third spray 
2012-13 
 
Source        DF        SS         MS       F         P 
 
Year                      1     346.96     346.96     31.29      0.0050 
Error Year*Rep            4      44.35      11.09 
Treat                     7    8043.83    1149.12    240.06    0.0000 
Year*Treat                7     261.82      37.40      7.81      0.0000 
Error Year*Rep*Treat    28     134.03       4.79 
Total                    47    8830.99 
 
Grand Mean 14.320 CV (Year*Rep) 23.25 CV (Year*Rep*Treat) 15.28 
 
52.  Average number of thrips/plant recorded after seven days of third spray 
2012-13 
 
Source      DF        SS         MS       F          P 
 
Year                      1       7.29      7.285      0.80       0.4213 
Error Year*Rep            4      36.37      9.092 
Treat                     7    4126.52    589.503    133.88    0.0000 
Year*Treat                7      42.70      6.100      1.39       0.2502 
Error Year*Rep*Treat    28     123.29      4.403 
Total                    47    4336.16 
 
Grand Mean 12.309 CV (Year*Rep) 24.50 CV (Year*Rep*Treat) 17.05 
 
53.  Average number of thrips/plant recorded after ten days of third spray 
2012-13 
 
Source        DF        SS         MS       F      P 
 
Year                      1    0.00000    0.00000      0.00      1.0000 
Error Year*Rep            4    56.9358    14.2340 
Treat                     7    4552.71    650.388    103.28    0.0000 
Year*Treat                7    0.00000    0.00000      0.00       1.0000 
Error Year*Rep*Treat    28    176.333    6.29759 
Total                    47    4785.98 
 
Grand Mean 13.180 CV (Year*Rep) 28.63 CV (Year*Rep*Treat) 19.04 
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54.  Average number of thrips/plant recorded after fifteen days of third spray 
2012-13 
 
Source        DF        SS         MS       F     P 
 
Year                      1    0.00000    0.00000     0.00      1.0000 
Error Year*Rep            4    83.2968    20.8242 
Treat                     7    4012.15    573.165    62.26      0.0000 
Year*Treat                7    0.00000    0.00000     0.00       1.0000 
Error Year*Rep*Treat    28    257.777    9.20632 
Total                    47    4353.23 
 
Grand Mean 16.810 CV (Year*Rep) 27.15 CV (Year*Rep*Treat) 18.05  
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APPENDIX-IV (ANOVA Tables) 
1 Comparison of feeding damage of male and female western flower thrips  
 
Source      DF         SS         MS       F             P 
 
Treatment     5     146.629    29.3257     92.7     0.0000 
Error       24       7.590     0.3163 
Total       29     54.219 
 
Grand Mean 2.6122    CV 21.53 
 
2 Mortality of western flower thrips in response to different concentration of 
neem oil.  
 
Source      DF         SS         MS       F             P 
 
Treatment 6     153.771    25.6286     32.1     0.0000 
Error       63      50.300     0.7984 
Total       69     204.071 
 
Grand Mean 1.6429    CV 54.39 
 
 
3 Feeding damage of western flower thrips in response to different 
concentration of neem oil.  
Source      DF         SS         MS       F             P 
 
Treatment 6     159.784    26.6306     24.0     0.0000 
Error       63      69.809     1.1081 
Total       69     229.593 
 
Grand Mean 1.5127    CV 69.59 
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4 Mortality of western flower thrips after 24 hours in response to different 
botanical extracts. 
Source      DF         SS         MS       F             P 
 
Treatment 4     116.533    29.1333      546     0.0000 
Error       25       1.333     0.0533 
Total       29     117.867 
 
Grand Mean 1.0667    CV 21.65 
 
5 Mortality of western flower thrips after 48 hours in response to different 
botanical extracts. 
 
Source      DF         SS         MS       F             P 
 
Treatment 4     20.2000    5.05000     5.15     0.0036 
Error       25     24.5000    0.98000 
Total       29     44.7000 
 
Grand Mean 0.9000    CV 10.99 
 
6 Feeding damage of western flower thrips after 24 hours in response to 
different botanical extracts. 
 
Source      DF         SS         MS       F             P 
 
Treatment 4      983.05    245.763     36.8     0.0000 
Error       25      166.80      6.672 
Total       29     1149.85 
 
Grand Mean 4.7138    CV 54.80 
7 Feeding damage of western flower thrips after 48 hours in response to 
different botanical extracts. 
 
Source      DF         SS         MS       F             P 
 
Treatment 4     2291.10    572.776     59.0     0.0000 
Error       25      242.62      9.705 
Total       29     2533.72 
Grand Mean 9.0088    CV 34.58 
